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TECTUPOBAHUE B DJIEKTPOKATAJIU3E U BUODJIEKTPOKATAJIM3E 455
Anxuno 3., Anv-/ocapax P., Mancyp B., Anvoasyo C.,

Anv-Mawxaoanu A., Kymaeanuesa I'., [lepuun B.D.

TEXHOJIOTUA MOJUOUITNPOBAHUA INIACTUYHBIX CMA30K
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3emyosa H.B., [l[econvkoe A.B.

OYHKIWOHAJIBHBIE YITUNIOTHUTEJIBHBIE 3JIEMEHTBI HA OCHOBE

KPEMHUIOPI' AHUYECKOI'O KOMIIAYHIA, MOJU®UIIMIPOBAHHOI'O MYHT 465
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AHHOTAIUA
Pa3paboTanbl, U3TOTOBICHBI U UCCIEAOBAHBI aKPUIIOBBIE CYCIICH3UHU YTIEPO/I-
HBIX HAaHOTPYOOK ISl CO3/IaHUsl PAAMOIOTIONIAIOIINX MaTEePHaIOB PACCEUBAOIIETO
TUTIA. Y CTAHOBJICHO BIIMSHHE T€OMETPHUYECKUX IMApaMETPOB YTIIICPOIHBIX HAHOTPY-
00k Ha cTabunbHOCTH Aucnepcuii. ChopMupoBaHa U HCCIENOBAHA CEpUS PATAOIIO-
TJIOMIAONTNX KOMITO3UTOB C PacCEHUBAIOIICH TeOMETpHUEH MOBEPXHOCTH IS TpHUMeE-

HCHHI B 0€39XOBBIX KaMepax.
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KaroueBble cjioBa: nucnepcus; yriepoAHble HAHOTPYOKH, pPaauOIOrIIONIa0-

M MaTepUall; paCCEUBAHHUE.

IIpyn mpoeKTHpPOBAaHMM AHTEHH M JAPYIUX NPUEMOIIEPENAONIUX YCTPOUCTB, pa-
JUOUHKEHEPAM OYEHb Ba)KHO IMOJIYYUTh TOYHBIE SKCIIEPUMEHTAIbHBIE JAaHHBIE OUa-
IpaMM HaIlpaBJIEHHOCTH, B TOKE BpeMsi (POHOBOE AJIEKTPOMArHUTHOE H3JIyYeHHe Oy-
JET 3TU JaHHbIE NCKaXaTh. C 1ENbI0 YCTPAHEHUS BIMSAHHS CTOPOHHETO 3JIEKTpOMar-
HUTHOTO M3nydenus (OMU), mogo6HOro pojia SIKCIEPUMEHTHI MPOBOJATCS B CIICIHA-
JU3WPOBAHHBIX MTOMEIIEHUAX — T.H. paIMOYACTOTHBIX 0e33X0BbIX kKaMepax (BOK) [1].

B xauecTBe OCHOBHBIX pa0OYMX 3JIEMEHTOB TAKUX KaMep UCIOJb3YIOTCA PaIno-
MOTJIOIIAOIINE MAaTEPHAIIBI MTUPAMUAAIBHOIO THIIA HA OCHOBE IIEHONOJINYPETaHOBBIX
MaTpul, NPONUTAHHBIX CHIEHUATBHBIM COCTABOM YIIEPOIHBIX U (DEPPUTOBBIX YACTHULL.

MexaHnu3Mm paboThl TAKUX MAaTEPHAJIOB 3aKIJIIOYAETCS B OCJIA0JIEHUU KOPOTKO-
BOJTHOBOro OMMU 3a cueT MHOTOKpaTHOTO OTPAXKEHUS BOJIHBI B ITOJIOCTAX nUpamul. B
JUITMHHOBOJIHOBOM YaCTH JWalia3oHa, KOrJa pasMepbl MUPaMHUJ MHOTO MEHBIIE JIJIMH-
HBI BOJIHBI MaJaromiero u3iaydeHus, moaoOHeie PIIM mo cBomM XxapaKTepHCTHKaM
HUYEM HE OTJIUYAIOTCS OT OAHOCIOWHBIX HMOMIOTUTENEH [2].

N3roToBieHre paavononIomaoNMX MaTeprualoB sl JaIbHEHIIEro MX IpO-
MBIIIJICHHOTO MPUMEHEHUS! TpeOyeT TeXHOJIOTMYHON U BOCIIPOU3BOAUMOM METOIUKU
ux nonydeHus. @opmupoBanue nupamuaarbHeix PIIM mogpazymeBaroT mpOnuTKy
MIOJINYPETAHOBOTO M3JENMS crienuaibHON nucnepcueid. COOTBETCTBEHHO, IPHU MTPOU3-
BOJICTBE OosbIIUX 00beMOB 00pasuoB PIIM, mponuTka NOMKHA OCTaBaThCS YCTOM-
yuBOM, 6e3 oOpa3zoBanus ocaaka YHT Ha NpOoTsHKEHUU AJIUTEIIBHOTO BPEMEHH.

Ha puc. 1 npeacraBnensl pe3yapTaTbl U3MEPEHUS MOTJIOUIAIONIEH CIOCOOHOCTH
ktoBeT BoAHBIX cycrieH3uid [IAB OII-7 konuentpanueit 100 MM ¢ pa3nnyHbIMU TH-

namu YHT Ha MOMEHT UX U3TrOTOBJIEHHUS U CITYCTS S CYTOK.
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Puc. 1. 3aBucumocts k03Qduienta npoxoxacHus IMU depe3 KroBETHI
cycnens3ui ¢ YHT paznnuHbIX THUIIOB: A — mociie u3rotosienus, b —uepes 5 cy-

TOK ITIOCJIC U3T'OTOBJICHHUA.

AHaIN3 NPENCTABIEHHBIX PE3YJIbTATOB AEMOHCTPUPYET COXPAHEHUE IPUEMIIE-
MOTO YpOBHA Torjiomenust uanydeHus: oopasuom ¢ YHT «Tayaut-M/l», cnycrs 5
cytok, menee 0,5 % mazgaroiero U3JIy4eHUs: CIIOCOOHO MPOUTH CKBO3b 0Opaszer. Ha
MOMEHT M3TrOTOBJICHHS CYCIIEH3UH, JaHHBIM o0Opa3el Takke 00JaJaeT HAMIy4IUMU
[OKa3aTeIsIMU TOTJIOLICHUS.

Ha ocHOBe mosy4eHHBIX JAaHHBIX, ObLTM CPOPMUPOBAHBI PAJAUOIOTIIONIAOIINE
KOMITO3UTHBIE MaTepHabl PACCEMBAIOLIETO THUIIA, MPOIUTAHHBIE CYTOYHOM U S-TH
CYTOUYHOM CYCTIEH3MEN Ha OCHOBE aKpHJIOBOTO MoJuMepa, BOAHOro pactBopa I[TAB u
MHOT'OCTEHHBIX yriepoAHbix HaHOTPYOOok «Taynut-M/[». Konuentpanus YHT B ko-
HEYHOM M3JIeJIUU HE TIpeBbInana 2 macc. %.

HccnenoBanue mpouecca B3aUMOAECUCTBUS JIEKTPOMATHUTHOTO M3JIYUYEHHUS C

obpasnamu pacceuaronux PIIM npoBoaunuck B nuana3zone 18 — 50 I'T'1; ¢ ucmoss-
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30BaHuEeM BekTopHOro ananmu3aropa neneii NS5290A Keysight Technologies u anTen-
HOH JINHUU MEepeIadn, COCTOSIIEH U3 ABYX MPUEMO-TIEPEIAI0IIUX PYTOPHBIX aHTEHH
Y CUCTEMBI MO3UIIMOHUPOBAHUS.

Ha puc. 2 npencraBineHsl pe3yJibTaTbl HCCAEA0BAHUS OCIa0JIEHUs OTPAKEHHOTO
AIEKTPOMATHUTHOTO M3nydeHus oOpasuamu PIIM nupamupanbHoro tuma. B kaue-
CTBE€ OCHOBHOM XapaKTepUCTUKHU BBICTYyMal mapamerp S11 — oTHOIEHUE BEIUYUHBI
OTPaXEHHOT'0 U3y4eHHUsd K naaaromiemy. [Ipomeaniee 3neKTpoOMarHiTHOE U3IIy4eHHUE
MOJIHOCTBHIO HUBEJIMPOBAIOCH 32 CUET MPUMEHEHUS METALIMYECKOTO YKPAHUPOBAHMS
ThUTbHOM cTOpOoHBI PIIM. Takum oOpa3om, Ha NMPUEMHYIO aHTEHHY OyJeT mnajaTh

IBaXbl IpoiIeHHOE Yyepe3 00pa3isl PIIM n3nydyenue.

A b

o
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Puc. 2. YactoTHasi 3aBUCHUMOCTb OCHAOJICHHUS OTPAKCHHOTO H3ITYUCHHS

ob6pasznamu PIIM Ha MeTaJmTnuecKoi MoJIJI0XKKe.

Kak MoxHO 3ameTuTh, M3rotoBieHHble 00pa3upsl PIIM ¢ ucnonb3oBaHuem cy-
TOYHOU W 5-TU CYTOUYHOM JUCTIEPCUM, JEMOHCTPUPYIOT OJM3KKE 3HAaYeHUs ociade-
HUSI OTPAXXECHHOTO CUTHajla, coctaBistomuii nopsaka — 40 nb. JlanHble mokaszarenu
CpaBHUMBI C 00pa3liaMu MPOMBINIIICHHO BhITyckaembix PIIM, omHako oGmamarommx
ropa3fao OOJIBIIIEH KOHIIEHTpAIlMeH HAIOJHUTENS, YTO HEraTHBHO CKa3bIBAeTCSA Ha
YIPYTUX U U3HOCOCTOMKUX XapaKTEPUCTUKAX U3ACITUH.

[ToxBoast UTOT IPOBECHHBIM UCCIIECIOBAHUSAM, B KAUECTBE OCHOBHBIX PE3yJIbTa-

TOB CTOUT OTMCTHUTH CO3JAHUEC ONTHUMAJIbHBIX IO COCTAaBY IPOIMUTHIBAIOIINX CYCIICH-
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3Ui ¥ U3TOTOBJICHUU HA UX OCHOBE 3(PPEKTUBHBIX PaIUOMNOIIIONIAIOIINX MAaTEPHUaIOB

pacceuBaromicro Tuiia.

Cnmcoxk Jiureparypsl

1. CrpyKTypHas ONTHUMM3ALUs PaJUOINOIIOMAIIUX MOKPBITUH NHpaMu-
nansHoro Tuna / A.I'. bynaii, B.I1. Kubimn, H.H. AnemkeBuu, A.B. I'pombiko, B.A.
Ceemiios, C.B. Mansiit, A.C. Pynaunkuii, C.B. Kypuio // MexnyHapoanas Hay4HO-
npakTuueckas KoHpepeHuus «lIpuknanneie npobiemMpl ONTUKUA, UHPOPMATUKH, pa-
o3k U GU3MKH KOHACHCUPOBAHHOTO COCTOSHUS», 27-28 ¢epans 2013 r.:
Marepuansl koHpepenunn / Munck: HUW TIDIT umenn A.H.Ceuenko, 2013. — C.
130 - 132.

2.  besaxossle kamepsl CBU / M.}O. Munmaxep, B.A. Topranos // Mockaa:
Panuo u cBs3b, 1982. — 128 c.

SCATTERING RADIO ABSORBING COMPOSITE MATERIALS FOR
ANECHOIC CHAMBERS APPLICATION

ABSTRACT
The acrylic suspensions of carbon nanotubes for scattering radio absorbing ma-
terials fabrication were created and investigated. The influence of the geometric pa-
rameters of carbon nanotubes on the stability of dispersions has been carried out.
Samples of radar absorbing materials with a scattering surface geometry for anechoic
chambers application were manufactured and investigated.

Keywords: dispersion; carbon nanotubes; radio-absorbing material; scattering.
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AHHOTALIUA

Komno3unronHnble MaTtepuabl JJisi UCHOJb30BAHUSI B CUCTEMaX COPOIIMOHHOM
OYKCTKU M 00€3BPEKUBAHUS BO3/lyXa OT BUPYCOB M OAKTEpUid MOJIYYEHBI JBYMS CIO-
cobaMu: TTOCpeCTBOM Mo upuirpoBanus Me3omnopucroro yriaepoaa (MITY) nonua-
HunmHa (ITAHW) u cmemenuem roroBoro [TAHU u MITY ¢ nocnenyromum KoMnak-
ThpoBaHueM. YcTtaHoBieHo, uto [IAHU B popme smepanbannoBoro ocHoBaHus 00-
JAJIaeT JIyYIIUM KOMITAKTUPYIOIIUM AerlcTBUEM. [Ipu 3TOM ynaeTcs moaydurts mMare-
pUAI ¢ JOCTATOYHON MEXaHMYECKOW NMPOYHOCTHIO U BEJIIMYUHOMN YIEIBHOU IOBEPX-
roctu 1100 M?/r.

KuaroueBblie cjioBa: ME30MOPUCTBINA YIIIEpOJ; MOJUAHWINH; KOMIIO3HUT; aICcOp-

OCHT.
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Kax usBectHo, mommanunun (ITAHW), o6mamaer crmocoOHOCTHIO TTOAABISATH BU-
PYCHI 1 OaKTEpHH ¥ UMEET MEPCIIEKTUBBI UCTIOJIB30BaHMS B CUCTEMaX o0e33apaknBa-
HMs BOJBI U Bo3ayxa [l —2]. OnHako BeIM4YUHA €ro yAeIbHOH MOBEPXHOCTH (S),) He-
BEJIMKA, YTO JENAET 11eJIeCOO0Opa3HbIM HAaHECEHHE 3TOr0 MaTepraja Ha MOMJIONKKHU C
Pa3BUTON MOBEPXHOCTHIO, B KAYECTBE KOTOPBIX MCIOJB3YIOT YTIEPOIHbIE HAHOTPYO-
K{, rpad)eHOBBIC HAHOIUIACTHHKU U ME30MOpHCThIi yraepoa (MITY) [3 — 4]. MITVY B
3TOM IUIaHE MPENNOYTHTENEH, Tak Kak ero S,y gocruraer 2000 — 2500 M/t [5]. Tlpu
ATOM OJIHOM U3 MpoOieM ucnoib3oBanusd MITY B kauecTBe copOeHTa 3aKIOYaeTCs B
TPYAHOCTH KOMITAKTUPOBAHUSI WJIA TPAHYJIUPOBAHUS.

Llenpr0 HACTOSIIETO MCCIEAOBAHMS SBWIACH pa3pabOTKa KOMIIAKTHOTO KOMIIO-
3uta Ha ocHoBe MITY u ITAHU ¢ makcuManbHOW BEIMYMHON YJIENbHOW MOBEPXHO-
cTu. JIJist 5TOro NpUMEHSIIUCH JIBa Clloco0a COBMENICHUS 3TUX MaTepualnoB. B nmepBoii
sKcriepuMenTansHoil cepun cioii [TAHW ¢gopmupoBancs na noepxnHoctu MITY B
X0/J1e OKUCITUTEIBHOM MoauMepu3aluy anuiuHa. [Ipu 3Tom nosrydeHsl 00pasiibl KOM-
mo3uToB, coxepxkamme 30 — 90 macc. % ITAHM. Onun oxapakreprn3oBaHbl METOTAMHU
UK- u pamanoBckoii criekTpockonuu. [lonmuanunun B popme sMepanbIuHOBOM COJU
oOHapyxXuBaeTcs B oOpasiax, coiepxkammx > 40 macc. % ITAHU. Mexannuecku
npouHas TabieTupoBaHHas (hopma mosydeHa ¢ ucnoiabzoBanueM mnpecca VANEOX
40 Fluxana u3 xommosuta, comepxarmero > 60 macc. % ITAHU. MakcumanbHast
yAeIbHas MOBEPXHOCTh ATOro marepuana cocrtapisieT 801 M°/T, 9TO HAMHOTO npe-
BOCXOMT Sy, KOMIO3UTOB Ha OCHOBE MHOT'OCIIOMHBIX YIIIEPOJHBIX HAHOTPYOOK, MO-
TUOHUITIPOBAHHBIX MOJMAHMIIMHOM [3].

Btopasi cepusi sKCrepMMEHTaNIBHBIX OOpPAa3I0B MOJYyY€HAa W3 CMECH TOTOBOTO
noporika [TAHU B popme smepanbIMHOBOTO OCHOBAHUS W MPOTOHUPOBAHHOW dMe-
panbauHroBoit conu ¢ MITY. OGuapyxkeno, uto [IAHW B nmporonupoBanHoii hopme
Hed(P(hEeKTUBEH B KaYECTBE KOMITAKTUPYIOIIETO CBS3YIOIIEro, B TO BpeMs, KaK C HC-
MOJIb30BAHUEM OCHOBAaHUS YyNACTCS TMOJYYHTh MEXAaHUYECKH MPOYHYIO TaOJIETUPO-
BaHHYI0 (hopMy kommo3uTa rpu coaepxkanuu [TAHU, pasaom 50 macc. %. Bennuuna
YAEIbHON MOBEPXHOCTH 3TOro marepuana cocrasiser 1100 m°/r. Kpome Toro, co-

xpaHsaeTcs nopucras crpykrypa MIIY u pacnpenenenue nmop mno pasmepam, xapak-
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TEepHOE U1 UCXOJHOT0 MaTepuaina. Takum o0pa3oM, MOJMAHUIMH MOXET ObITh HC-
IIOJIb30BaH B KA4€CTBE CBA3YIOLIErO IPU M3TOTOBJIEHUM KOMITAKTHBIX MEXaHUYECKH
IPOYHBIX COPOLMOHHBIX MaTepuasoB Ha ocHoBe MIIY kak mns obe33apakuBaHus
BOJbI U BO3JlyXa OT BUPYCOB U OAKTEPHii, TAK U JUIsI CHCTEM XPAHEHUS M TPAHCIIOP-

THPOBKH I'a30B.
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COMPACT COMPOSITES BASED ON MESOPOROUS
CARBON AND POLYANILINE

ABSTRACT
Composite materials for use in systems for sorption purification and neutraliza-
tion of air from viruses and bacteria were obtained in two ways: by modifying meso-
porous carbon (MPC) with polyaniline (PANI) and mixing the finished PANI and
MPC with subsequent compaction. It was found that PANI in the emeraldine base
form has the best compacting effect. In this case, it is possible to obtain a material
with sufficient mechanical strength and a specific surface area of 1100 m?/g.

Keywords: mesoporous carbon; polyaniline; composite; adsorbent.
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AHHOTAIUA

[TomyueHbl gaHHBIE O COPOLMOHHBIX CBOMCTBAX YIJIEPOJHBIX HAaHOMATEpPHAJIOB
(YHM) pa3HbIX TUTIOB: HAHOTPYOOK, OKHUCJICHHBIX Irpad)€HOB, ME3OIMOPUCTHIX YTJIie-
POJIHBIX MaTepHalioB W KOMIIO3UTOB HAa UX OCHOBE, pazpaboranHbix B OOO Hano-
texueHTp (TamOoB), a TakkKe UX MPOU3BOJHBIX, CHHTE3UPOBAHHBIX HEMOCPEICTBEHHO
B 'EOXU PAH. YcranoBnena Boicokasi 3¢ dhextuBHOCTE YHM m1st cOpOIIMOHHOTO
KOHLIEHTPUPOBAHMS YIBTPAHU3KUX cojiepkaHuil P30 ¢ mocnenytonmm onpeaeneHu-
em metonoM MC-UCII.

KuroueBrble ciioBa: yriepoaHbie HAHOCTPYKTypUpoBaHHble MaTepuaiibl (YHM);

YTIIEPOJIHbIE HAHOTPYOKH; OKMCIICHHBIE YTIIEPOIHbIE HAHOTPYOKH; TBepAO(Da3HbIe
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AKCTpAreHThl; peAKO3eMeEbHbIE 351eMeHThl; onpeaenenne; MC-UCII; ananus reoso-

TUYECKUX 00pa3IloB.

VYraepoaHble HAaHOCTPYKTypupoBaHHble Matepuaiibl (YHM) npencraBisitoT uH-
Tepec KaK OJHU U3 HamOoJiee MEepCIeKTUBHBIX COPOCHTOB IS UCIIOJIb30BAHUS B aHa-
autrdeckor xumuu [1, 2]. 10 00BICHAETCS UX COPOIMOHHON aKTHBHOCTBHIO, 00Y-
CJIOBJIECHHON OCOOEHHOCTSMH HAaHOCTPYKTYPBI, Pa3BUTON MOBEPXHOCTHIO, BOZMOYHO-
CTHI0O UMMOOMITU3AINK PA3IUYHbIX (DYHKIIMOHAJIBHBIX TPYIII JJIsl IOBBIIICHUS CENeK-
TUBHOCTHU W TIOJHOTHI BBIJICJICHUS, BO3MOKHOCTBIO OOECIIEUEHHUsI BHICOKOW CTETCHU
YUCTOTHI COPOEHTOB, & TAKXE MOCTOSHHO PACHIUPSIOMIMMCSI CIIEKTPOM JOCTYITHBIX
HAaHOMATEPHUAJIOB U KOMIIO3UTOB HA WX OCHOBE, OJjlarojiapsi COBEPIICHCTBOBAHUIO
TEXHOJIOTUU UX MOTYUYCHHUS.

OpHoit u3 HauboJiee CIOKHBIX 33/1a4 aHATUTUYECKOW XUMUH SIBIISIETCS OIpeie-
JICHHE YIIBTPACIeOBBIX (¢ conepkanrueM Meree 107 %) KOTHYECTB peaKo3eMebHBIX
AJIEMEHTOB C TMPUEMIIEMBIMU METPOJOTHUECKUMH TMapaMeTpaMH IpU MNPOBEIACHUU
aHajM3a TeOJOTHYeCKUX 00pas3ioB, MUHEpaoB U Jp. HecMoTpsi Ha BBICOKYIO UyB-
CTBUTEJIBHOCTh COBPEMEHHBIX HWHCTPYMEHTAJIbHBIX METOJI0OB, TaKHX, KaK Macc-
CHEKTPOMETPHUSI C MHAYKTUBHO cBsizaHHOM mazmon (MC-UCII) u HU3KHE Tpenessl
OoOHapy>KEeHMsI DJIIEMEHTOB, B TaKOW CHUTYaIlMW TMPOIeaypa MpoOONOIrOTOBKH, BKIIIO-
qarolasi npeaBapuTesibHOe KOHIeHTpupoBaHue P33 ¢ ucnosb3zoBanuem 3P hekTuB-
HBIX COPOIIMOHHBIX MAaTEepUaiOB, SIBIACTCS, TMOXKAIYH, €IUHCTBEHHO-BO3MOXHBIM
pemienueM. Mcnons3oBanue s otux ueneid YHM no3BossieT o6ecrneuynTh OTHOCH-
TEJIBHO BBICOKME KOA((DHUIIMEHTHI KOHLIEHTpUpoBaHus P30 kak 3a c4eT uX BBICOKOMN
COpOITMOHHOM CITOCOOHOCTH U oTnenieHus P32 0T MakpOKOMIOHETOB, TaK M 3a CUET
BO3MOKHOCTH HCITOJIb30BaHUSI KHUCJIOTHOM MuUHepanuzauuu YHM, mno3posstonien
YOPOCTUTH nocienytonmil ananus metogom MC-UCII.

B noknane mpeacTtaBieHbl pe3ynbTaThl UCCICIOBAHUS COPOIIMOHHBIX CBOMCTB
YHM pa3Hblx TUIIOB: HAHOTPYOOK, OKUCIIEHHBIX IPa€HOB, ME3OMOPUCTHIX YIIEPOI-
HBIX MaTepHaJOB W KOMITO3UTOB Ha WX OCHOBe, pa3paboranHbix B OOO Hanortex-

nentp (TamO0B), a Takke UX MPOU3BOJHBIX, CHHTE3UPOBAHHBIX HEIIOCPEICTBEHHO B
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['EOXU PAH: oKHCIEHHBIX yIIepOAHBIX HAaHOTPYOOK U TBepAO(DA3HBIX IKCTpAreH-
ToB (T®3), NOMYYECHHBIX IyTeM HEKOBAJICHTHOTO 3aKPETUICHHsI HA HAHOYTIICPOIHBIX
HOCUTEJISIX CEJICKTHBHOTO peareHta TeTpaoktwimuriukonbamuna (TOUI'A). Cop6-
IIMOHHAsI CIIOCOOHOCTH MO OTHOIICHHUIO K P30 Hanbonee 3(h(eKTUBHBIX U3 HCCIIETO0-

BAHHBIX MAaTCPHUAJIOB IIPUBCIACHA B Tadi. 1.

Tabn. 1. Crenenb u3BnedeHus: P30 yrinepoaHbIMUM HaHOMATepuagaMu Pa3HBIX

THUIIOB N3 MHOT'O3JICMCHTHBIX PaACTBOPOB.

YHM Yenosus copoyuu R, %
Meszonopuctsiit yrinepon MITY S-043 31-41
Mesonopuctsii yrnepoa okucnennbiii G-132 | Crangapraslii pactBop 48-57
Oxkcun rpadena JUIS Macc-criekTpomeTpun | 46-61
Ansporenb Ha OCHOBE okcujia rpadena, neko- | ICP-MS-68A, 48 siemen- 4548
PUPOBAHHBIN OKCHIAMU KeEJe3a ToB; pH = 2,2 (OydepHbIii
YHT Taynut/YHT G-183 pacTtBOp (TUAPOKCHUME- 3-5
YHT, okucieHHbI€ B 3aBOJICKUX YCIOBUSIX TUJ)TpucaMuHomeTan/2 % | 22-28
VHT G-183, okucnenasie HNO; HNO3/H,05 ,). 92-95
YHT Taynur, okucinenasie HNO; 82-90
TOS G-183-TOJAT'A CraHaapTHBIA PacTBOP 80-100

JUTSE MacC-CIIEKTPOMETPUN

TOS MITY S-043-TOIT' A ICP-MS-68A, 48 anemen- | 75-100

toB; IM HNO;

PaccmoTpenst cBoiictBa YHM NpUMEHUTENIBHO K MX UCHOJIBL30BAHUIO I aHa-
nu3a MetogoM MC-UCII: xumudeckass 4yucToTa MaTepraioB, OCOOCHHOCTH OT/Ielie-
Hus YHM c¢ pasznuuHOl THIAPOPUIBHOCTEIO OT pacTBOpa, MOJYYCHBI JaHHBIC O
CTPYKTYp€ METOJaMH AJIEKTPOHHON MHUKPOCKOTHUHU. BBIOpaHbI yCIIOBHS TPOILCAYPHI
copOLIMOHHOTO KOHIIeHTpupoBaHus P30 ¢ ucnons3oBannem YHM B cxemax aHanuza
ropubeix nopoA. OnpezaeneHa creneHb u3BiaedeHus P30 npu pa3inuuHbIX yCIOBUSX U

BIIMSIHUE MATPUYHBIX AJIEMEHTOB Ha 3(P¢GEKTUBHOCTH BblAeneHus. [IpuBenensl npu-
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Mepbl ucnoib3oBanus YHM mist koHuentpupoBanusi P30 npu ananuze oOpasiion
TOPHBIX MTOPOJ.

[TonydeHHbIE NaHHBIE CBUAECTENBCTBYIOT O IMEPCIEKTUBHOCTH HCMOJIb30BAHUS
YHM 17151 copOMOHHOr0 KOHUEHTPUPOBAaHUS YIAbTPAHU3KUX coaepkanuid P30 ¢ mo-
caenyromum onpeaeneaueM metogom MC-UCII.

*Paboma evinonnena npu guuancosou noooepicke npoekma PDODU 19-03-

00953.

Cnucok aureparypsl
1. Recovery of Rare Earth Elements by Carbon-Based Nanomaterials — A
Review / Celso E. D. Cardoso, Joana C. Almeida, Claudia B. Lopes, Tito Trindade,
Carlos Vale, Eduarda Pereira // Nanomaterials. 9(6). 814.
2. Graphene-based materials: fabrication and application for adsorption in
analytical chemistry / Xin Wang, Bo Liu, Qipeng Lu, Qishu Qu // J Chromatogr A.
2014; V.1362. P. 1-15.

CARBON-BASED NANOMATHERIALS FOR PRECONCENTRATION
OF TRACE AMOUNTS OF RARE EARTH ELEMENTS

ABSTRACT

The data about sorption properties of carbon-based nanomaterials of the differ-
ent types was obtained. The materials examined included the carbon nanotubes, oxi-
dized graphenes, mesoporous carbon and different composites developed by Nano-
TechCenter LTD (Tambov), as well as their derivatives synthesized in GEOKHI
RAS. Carbon-based nanomaterials demonstrate the high efficiency for the sorption
preconcentration of ultra-low amounts of rare earth elements combined with follow-
ing ICP-MS detection.

Keywords: carbon-based nanomaterials; carbon nanotubes; oxidized carbon
nanotubes; solid-phase extractants; rare earth elements; determination; ICP-MS;

analysis of geological samples.
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AHHOTALUSA

B nmanHO# paboTe MpOBOAMIIOCH 3KCHEPUMEHTAIBHOE CPaBHEHUE aBTOIMUCCHU-
OHHBIX XAPAKTEPUCTHUK JIBYX PA3JIMYHBIX KaTOAOB, U3TOTOBJICHHBIX HA OcHOBe [TAH-
BoJIOKOH 1 YHT-autn. OcHOBHAas 1enb paboOThI 3aKi04aliach B BEIOOpE Marepuaia
JUIS1 KATOJHO-MOAYJIITOPHOTO y3J1a KaTOIOMIOMUHECHEHTHON JIAMITBI.

KuaroueBnle ciaoBa: aBroomuccus, [IAH-Bonokna, YHT-HHUTE.

B Hacrosimiee BpeMsi He CyIIECTBYET FOTOBBIX K MPOMBIIIJIEHHOM AKCILTyaTaluu
ONTUMHU3UPOBAHHBIX KOHCTPYKLUN JTaMIl OOLIET0 U CHEIHAIBHOTO (yJIbTpaduoeTo-
BbI€ JIaMIIbl) Ha3HAYEHUS] C ABTOAMUCCUOHHBIM KaTtoaoM. [losTomy kiroueBoil 3aia-
4eil sBisieTcsl pa3paboTKa MpOTOTHUNA BEICOKOA(()EKTUBHOTO aBTOIMUCCUOHHOIO Ka-
TOAHO-MOAYJsITOpHOTO y3nma [1]. Hambosee mepcmeKTUBHBIMU MaTepHalaMU ISt
HOMHUCCHOHHBIX KaTOJIOB SBJISIOTCS yIiepOaHbIc HAaHOTPYOKH [2]. B manHO#t paboTe B
KayecTBE KaTOJOB ObUIM HCMOJIb30BAHO YIJIEPOAHOE BOJOKHO auameTpoMm 30 MKM,

MOJIYYeHHOE arjiomeparnueit yriaepoaasix HaHoTpyOok (YHT-auTH) U mydoKk mosmak-
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PUIIOHUTPWIOBBIX BOJIOKOH JUAMETPOM 5 — 7 MKM KaxkJ1oe. B Imy4yke HacuuThIBAJIOCH
0K0J10 300 OTAENBHBIX BOJIOKOH.

Bce uzmepenust npoBOAUIUCH B AUOAHON (IBYXAJIEKTPOAHON) KOH(PUTYPALUH.
PaccrosiHne Mexay aHOJIOM M KaTOJOM COCTaBisuio 1 cM, a fuamerp aHoja Obul pa-
BeH 6,5 cM. BHyTpeHHss1 TOBEPXHOCTh aHO/1a Obljla MOKPHITa KATOAOIIOMUHOPOPOM €
JUIMHOW BOJIHBI JTtOMUHEcHeHIMK 520 HM. /[aBieHue B BAKyyMHOM KaMepe COCTaBIIsA-

1m0 10° Topp.

Puc. 1. Ceuenue momuHodopa B cucteme ¢ katogaom u3z YHT-uutu (cnesa) u

ITAH-BoJsiOKOH (cIipaBa).

KaTonpl cpaBHUBAJIUCH 1O MOBEACHUIO BOJIbTAMIIEPHBIX XapaKTEPUCTUK U TIO
XapaKkTepy 3aCBETKH JIIOMUHODOpa IIPH OJIMHAKOBBIX PEKUMaX pabOThI KATOOB.

bput0 mokazaHo, 4TO MpPU KCHOJIB30BAaHUM KaToAa, M3roToBieHHOro M3 YHT-
HUTU W3JIyYarolas 1ionaasb JIoMUHO(opa OoJblle, 4eM B Cllydae MCIOJIb30BaHUS
katona usrotoneHHoro u3 [TAH-Bonokon (puc. 1). bonee Toro, cpaBHEHUE BOJBT-
aMIIEPHBIX XAPAKTEPUCTUK JBYX HCCIICIOBAHHBIX KAaTOJOB IMOKAa3bIBAET, YTO MUHU-
MaJjIbHOE I0JI€ BOBHUKHOBEHHUS aBTOPMHUCCHOHHOTO TOKa A karoda u3 YHT-uutu
MIPUMEPHO B 2 pa3a HUXKe, yeM i karona u3 IIAH-BomokoH (puc. 2).

Takum o0Opa3zoM, MO UTOTaM JaHHOW paOOThl OBUI C/AEJIaH BBIBOJ, UTO JJISl MC-
MOJIb30BaHUsl B KAaTOJOJIOMUHECHEHTHBIX JIAMIAX JIy4lle MOAXOJAT KaTOMbl, WU3TO-

TOBJIEHHKIE N3 Y HT-HuTH.
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Puc. 2. BonpramrnepHbsle XapakTepUCTHKU sl KatonoB u3 [IAH-BomokoH mn
YHT-nutu.

Cnucok aureparypsl
1. ABTOdRMEKTpOHHAsE dSMmuccus. [lpuHnunbel u  npuOoOphl:  y4eOHHK-
monorpadus. / H.B. Eropos, E.Il. lllemmn // Jonronpynueiii: Matemiekt, 2011, —
504 c.
2. Cso: Buckminsterfullerene / H.W. Kroto, J.R. Heath, S.C. O’Brien, R.F.
Curl, R.E. Smaley // Nature, 1985. Ne 318. Pp. 162.

COMPARISON AND ANALYSIS OF AUTO-EMISSION
CHARACTERISTICS OF CARBON CATHODES BASED
ON PAN-FIBERS AND CNT-YARNS

ABSTRACT
In this work, an experimental comparison was made of the field emission char-
acteristics of two different cathodes made on the basis of PAN fibers and CNT fila-

ments. The main goal of the work was to select a material for the cathode-modulator
unit of a cathodoluminescent lamp.

Keywords: auto emission; PAN fibers; CNT thread.
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AHHOTAIUA
B ycnoBusix nonmkennoro naenenus (P ~ 0.1 I1a) uccinenoBana KUHETHKA Tell-
JIOBBIACNICHUSI ¥ TIOTEPU MACChI P TEPMUUECKOM IMPEBPAILLEHUHN OKCcHIa rpadeHa B
nHTepBae Temmepatyp 20 — 350 °C. [Tokas3aHo, YTO PH HEMPEPHIBHOM BAKyyMHPO-
BaHUU peakTopa B mHTepBasie Temmnepatyp 90 — 160 °C moxer MPOUCXOIUTH CIIOH-
TaHHOE pa3yioKeHHe OKkcuja rpadeHa, COpOBOXKIAOIIEECS PE3KUM BbIJCICHUEM Ta-
30B UM TeIuia. Bpicka3aHa runores3a, 4T0 KpUTUYECKHI XapaKTep pa3jioKEHUs BbI3BaH

PE3KUM HapacTaHWEM BHYTPEHHHX MEXAHWYECKUX HAIPSHKEHUW B CTPYKTYpE OKCHAA
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rpadeHa B pe3yapTaTe CXJOMBIBAaHUS TPaeHOBBIX CIOEB IMOCIE yIaleHHUs] KpUTHde-

CKOTO KOJIMYECTBA MOJIEKYJ BOABI M (PYHKIIMOHAIBHBIX TPYII OKUCIEHHOIO YIJIEepo-

7a. DTOT MPOLIECC MOXKET OBITH OMMCAH B TEPMUHAX TEOPUU MEPKOIISILIUH.
KuaroueBble cioBa: okcuja rpadeHa; MEXaHUYECKHE HAMpPSOKCHHs; KAHETHKA

TCIIOBBIACIICHNMSI, CIIOHTAHHOC PAa3JI0KCHHUC, IICPKOJIANHA.

[Tpu nccnenoBannu oopasnoB okcuaa rpadena (OI') Ob1I0 3aMeUeHO, YTO CBOM-
CTBa IOCJEIHUX U3MEHSIOTCS BO BpeMeHu. [Ipeanosaraercs, 4To mpu 3TOM MpPOHUC-
XOJIUT CaMOBOCCTaHOBJIEHUE OKkHclieHHbIX (parmenToB OI'. Ilpencrasiser uHTEpec
IIPOCIIEAUTH 3a TAKUMH IIPOLIECCAMH KOJIMYECTBEHHO B TEYEHHUE JUIMTEIIBHOIO BpEMeE-
HU. B HacTosmieit paboTe MpoBeAeH TEPMOTPaBUMETPUUECKUI aHAIN3 U U3y4YeHa KU-
HETHUKA TEIUIOBBIICICHHUS O0pa3lloB OKHUCJIEHHOIo TIpad)€HOBOrO0 MaTepualia, MOoJTy-
YEeHHOI'0 U3 BOJHOM CyCHEH3UU OKcHja rpadeHa B BUAE JTUOPUIN3UPOBAHHOIO I'y0-
YaTOro MaTepualia mociie KaMepHo JTMopHuIbHOM cymku [1].

DKCIEPUMEHTBI IO U3YYEHHUIO KMHETHKM pa3noxkenus O’ mpoBoaunu npu mo-
HiwkerHoM gasiennn (P ~ 0.1 ITa) B untepBane temmeparyp 20 — 350 °C. 3a m3me-
HenueM maccel Ol B miporiecce nuneiHoro HarpeBa (TT'A B Bakyyme) cieauiu ¢ mo-
MOIIIbIO aBTOMATUYECKUX AJIEKTPOHHBIX BaKyyMHbIX TepMoBecoB ATB-14. CxopocTsb
TEIJIOBBIICTICHUSL OMNPEACIIIN, HCNOb3ys IU(PepeHInanbHbld aBTOMATHYECKUI
mukpokanopumerp JAK-1-2. O6a npubopa paspadotanbl U u3rotoBneHsl B UTIXO
PAH. Hagecku BemectBa coctaBisuid 10 — 20 mr.

IIpn nccnenoBanuu KMHETUKH pas3noxkeHuss Ol B yCIOBUSAX HENPEPBIBHOTO Ba-
KYYMHUPOBaHUS MOSIBISIOTCS U ONpeeieHHble TpyIHOCTU. M3-3a Manoro pasmepa u
HU3KOW TUIOTHOCTH 4YacTull mopoikooOpazHoro OI' BO3MOXHBI MOTEPU Macchl HC-
ciieryeMoro oopasia B pe3yibTare o0pa3oBaHUs KHUIISILErO CJIOS U BbIOpOCa 4acTHIl
u3 peakrtopa. [ns Toro, 4ToObl MPEeIOTBPaTUTh MEXaHUYECKHE MOTEPH BEILECTBA, B
’KCIepUMeHTax ucnoiibzoBanu Ol B Bue THMOPUIN3UPOBAHHOTO I'y0UaTOro MaTepu-
ama. U, rem He meHee, pu nipoBeniennn TI'A B Bakyyme He ynanoch uz0exaTh Mexa-
HUYECKOTO BBIOpoca rybuaTtoro OI' mpu 0OBIYHO MCTOIB3YEMBIX CKOPOCTSAX JTMHEH-
Horo HarpeBa. IIpoectu monubiii TI' ananu3 o6pasunoB OI' ynanoch TOJNBKO TpH

ckopocTH Harpesa 0,8 rpas/MUH U TOJIBKO AJIsE CBEKEIPUTOTOBIEHHBIX 00pa3LOB.
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Ha puc. 1 npencrasiens! kpusblie TI'A nuodunmsuposannoro OI' (kpuBas 1) u

oOpasuoB Ol Toil jxe mapTuu nociie XpaHeHus B TeueHue 1 rona Ha Bo3ayxe (KpUBbIe

2 —4). CocTaB ra3oB Ha KaXJI0W U3 cTaauil pasnoxkenus OI' cKpyITyJie3HO ITpoaHaIH-

3upoBaH B [2].

Macca, %
100

90
80
70
60
50

40

30 1 ! L 1 ! 1 !
40 80 120 160 200 240 280

T, *C

Puc. 1. Kpussie TI'A cBeXXenpUroTOBIICH-
Horo JymodumusupoBannoro OI' (1); mocne 1
rofia XpaHEeHUsI W TPEABAPUTEIHHOTO BAKYyMH-
poBa-Hus npu T = 20 OC B Teuenue CyTOK (2, 3)

u B TeueHue 10 Munyt (4).

dQ/di, xan/uact

Bpems, vac

Puc. 2. Kuneruueckue KpHBBIE CKOPOCTH
TEIUIOBBLACIICHUS! NPU Pa3JI0KEHUU IHODUIH-
supoBaHHoro OI' mpu Temneparypax 140.2 (1 u
la); 129.0 (2); 119.0 (3 u 3a) u 108 °c 4uda)s
repMeTHU3MpoBaHHbIX ammynax (1 — 4); npu He-

IpepbIBHOM BakyyMupoBaHuu (la —4a).

TI-ananu3 o0pa3noB nuopunuznpoBanHoro OI', XpaHUBIIMXCS Ha BO3AYyXE B

TeueHue 1 rojza, rmoxkasali, 4YTo B IIpPOLCCCC XpaHCHUS B o6pa3uax IMPpOUCXOAUT 3HAYH-

TEJIbHOE YMEHbIIICHHE Noyu ajncopOupoBaHHOM Boxbl (¢ 20 10 8 %) u HEKoTopoe

YMEHBIIICHHE J0JM KUCIOPOICOoAepKaIuX (PyHKIIMOHANBHBIX Tpym (puc.l, KpuBas

4). CnenyeT OTMETUTb, UTO JJIsl XPaHUBILIUXCS IJUTENbHOE Bpemsi oOpasioB Ol He

yAanoch BbIMOAHUTE TT'A B IMPOKOM MHTEpBAJIE TEMIIEPATYP AAXE IMPU CaMON HH3-

KOW CKOpocTH HarpeBa. Pe3kuii BRIOpOC ra30B U AMCIIEPTUPOBAHKUE TBEPIBIX YACTHII

OI' mpoucxoaun npu temneparype 160 °Cu rryoune pasnoxenust 30 % (puc. 1,

KpuBble 3 U 4) HE3aBUCUMO OT JJIUTEIBLHOCTH MPEIBAPUTEIHLHOTO BaKyyMHUPOBAHUS

peaktopa. Takue siBieHus npu JuHeitHOM HarpeBe Ol ObUIM 3aMeueHBI U paHee, HO

36



npu 6osee BRICOKUX Temreparypax. OObsICHEHUS 3TOMY SIBJICHHIO MTOKa He ObLIO Ja-
HO, OTMEYasoCh JIUIIb, YTO MOHMKEHHUE JIABJICHUS B CUCTEME CIOCOOCTBYET MpPOSB-
JICHUIO TIOJJOOHBIX 3P HEKTOB.

BriosiHe BepoOsATHO, YTO MpPU YIATEHUM W3 MEXKCIOWHOro mpocTpanctBa OI
ornpeseseHHoro kKoiuudecta mojekysn HpO u pparMeHTOB OKHCIEHHOrO yriepoja,
IUIOCKKE Tpa)€HOBBIE TIOBEPXHOCTH COIMKAIOTCS B TEX IOJOKEHUSIX, TJ€ 3TU MOJIe-
KyJbl Y€ OTCYTCTBYIOT. [Ipm HekoTopoMm KpuTudeckoMm 3HaueHun yObuin H,O wu
KHUCIIOPOJICOIEPKAMX (DYHKIIMOHATBHBIX TPYII HACTYMaeT «IpoOoiy, aHalIoTHy-
HBIH NMEPKOIALMOHHOMY 3 (DEKTY, IPU KOTOPOM Irpa)€HOBBIE TOBEPXHOCTU CXJIONbI-
BaroTcs. Ilo Mepe ynaneHus MOABMKHBIX MOJIEKYJ M3 MEKIIOCKOCTHBIX CJIOEB M,
IJIaBHOE, B MOMEHT KOJUIAICa, BOZHUKAIOT 3HAUYNUTEIbHbIE BHYTPEHHUE HANPSHKCHMUS,
KatacTpouyecku yckopsitomue mnpouecc paznoxenus OI'.  Jlanasie HK-
CHEKTPOCKONIUHU IOATBEPKIAIOT ITOT BBIBOJ, JIEMOHCTPUPYS HCUYE3HOBEHHUE I0JIOC
IIOTJIOIIEHHSI, COOTBETCTBYIOIMX MoJieKynaM H,O m Kucnoponcoaepkanum rpyi-
mam Ol

Pe3ynbpTaThl ncciaenoBaHus MPOAYKTOB CHOHTaHHOrO pacmana O’ ¢ momolibo
PaMaHOBCKO# CIIEKTPOCKONMHU YKa3bIBAIOT Ha POCT JOJU YHOPSAJOUYEHHBIX (PparMeH-
TOB B CTPYKTYpPE YIJIIEPOJHOrO MaTepHaa.

beictpoe pasznoxenne Ol conmpoBOXKIAETCS PE3KUM YBEIMYEHHUEM CKOPOCTH
TEIJIOBBIJICTICHUSI, KOTOPYIO B HM30TEPMUYECKUX YCIOBHUSX HE yHaeTcs 3adUKCHpO-
BaTh C NMOMOUIbIO AU(P(HEpPEeHIINATEHOTO MUKPOKAJIOPUMETPA, TOCKOIbKY OCHOBHOE
TEIJIOBBIJIETICHUE IPOUCXOJIUT YK€ BO BpEMs MPOTPEBa.

Ha puc. 2 npencraBineHbl KHHETHUECKUE KPUBbBIE TEIUIOBBLACIEHUS JTHODUITU3U-
poBanHoro OI' mpu pasnbix Temneparypax. Kpusbsie 1 — 4 COOTBETCTBYIOT paziioxe-
Huto Ol B 3aMKHYTOM CHUCTeMe — CTEKJISIHHbIE aMITyJIbl, B KOTOPBIX HAaXOIUJICS 0Opa-
3ell, IocJie BaKyyMHUpOBaHUs ObUIM repMeTru3rpoBanbl. Kpusble 1, a — 4, a oTHOCSTCS K
paznoxenuto OI' B yclIOBHSIX HENPEPHIBHOTO BakyyMupoBaHus. CKOpPOCTb pasiioxke-
Hus Ol B 3TOM cilydae U3MEHSETCS] OYE€Hb PE3KO, UTO HE MO3BOJISIET KOPPEKTHO OMNpe-
JIEIUTh €€ HaYaJIbHOE 3HAaYEHUE Jake MpU HU3KOoU Temneparype, paBHor 108°C. Ilpu
TEeMIIepaTypax, npessimaromux 140 °Cc PEXUM PA3I0KEHUSA PE3KO U3MEHSICA U IPO-

UCXOJWII PE3KUIA BEIOPOC rpa)eHOBBIX YENIYEeK U3 U3MEPUTENILHON 30HbI PEaKTOpa.
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*Paboma svinonnena no memam 2ocyoapcmeeHno2o 3adanus, NeNe cocpecucmpa-
yuu AAAA-A19-119101690058-9 u AAAA-A19-119092390076-7 ¢ wucnonvzosaruem

000py0o6anus Ananumuuecko2o yeHmpa KouleKmueHo2o noavzosanusi MIIXD PAH.
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1. b.A. Komapos, A.l. Anbymnos, M.A. ®ponosa, A.B. I'puns. // Marepu-
albl MEXIYHApOAHON KOH(pEpeHIMH «IKCTPAKLUsA OPraHUYEeCKHX COCAUHEHUI».
Boponex. —2010. — C. 90.

2. BnusHue HU3KOTEMIIEpaTypHOTO HarpeBa Ha CBOMCTBA a’dporens U3 OK-
cuna rpadena / C.A. backakos, FO.B. backakosa, JI.H. biunosa, E.H. Kabaukos,
H.H. JIpemosa, FO.M. Illynera // Xumust Beicokux sHepruid. — 2018. — T. 52. — Ne4.
— C. 340-341.

INFLUENCE OF INTERNAL MECHANICAL STRESSES ON
THE KINETICS AND MECHANISM OF THERMAL DECOMPOSITION
OF GRAPHENE OXIDE

ABSTRACT

The kinetics of heat release and weight loss during thermal transformation of
graphene oxide in the temperature range of 20 — 350 °C was studied under conditions
of reduced pressure (P ~ 0.1 Pa). It is shown that with continuous evacuation of the
reactor in the temperature range of 90 — 160 °C, spontaneous decomposition of gra-
phene oxide can occur, accompanied by a sharp release of gases and heat. It is hy-
pothesized that the critical nature of decomposition is caused by a sharp increase in
internal mechanical stresses in the structure of graphene oxide as a result of collapse
of graphene layers after the removal of a critical amount of water molecules and
functional groups of oxidized carbon. This process can be described in terms of per-
colation theory.

Keywords: graphene oxide; mechanical stress; heat release kinetics; spontane-
ous decomposition; percolation.
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AHHOTALIUA

MeTronoM OCUMIUISIUOHHBIX JlehopManuil U3ydeHbl BS3KOYIPYTHUE XapaKTepu-
CTUKH TpeX IUIACTUYHBIX cMa304HbIX MatepuanoB (IICM) u nucnepcuii Ha ©X OCHOBE
C TpHUCcaJKaMU MaJOCIONHBIX rpaduToBbix (parmentoB (MI'®) m ux azor-
nonupoBaHHbIX aHamoroB (N-MI'®). I1pu koHmeHTpanusax npucaaok a0 0,5 macc. %
BSI3KOYIIPYTHE CBOMCTBA AUCIIEPCU coXpaHstoTces, a cBbime 0,5 macc. % qucnepcun
MIPOSIBJISIFOT BsI3KME CBOMCTBA. MI3MeHeHue a0COIIOTHBIX 3HAUYEHUI TaHTe€Hca yTIiia Mo-
teps B aucnepcusax [ICM/MI'® u [ICM/N-MI'® ¢ konuentparusimu 106aBok 1,0 u

1,5 macc. % 3aBUCHUT KakK OT CTPYKTYpPbI IPUCAAKHU, TaK U 0a30BOI CMa3KH.
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KuaroueBble cjioBa: ManocinoifHbie rpaduToBbie (PparMeHThl; TUIACTUYHAS] CMa3-

Ka; pEOJIOTHsl; BA3KOYIPYIOCTh; TUCIIEPCUH.

Yrinepoansie HaHOCTPYKTYphI (YHC), Gnarogaps nx yHUKaJIbHBIM (U3HYECKIM
U (PU3UKO-XUMUYECKUM CBOMCTBaM, HAXOAST IIMPOKOE MPUMEHEHUE B ONTHKE, DJICK-
TPOXUMHUHU, KaTallu3e, TPUOOJOTUH U JIPYTUX BAKHBIX MPAKTUUYECKUX MPHIIOKECHUSX.
Yro kacaeTcst TpUOOJOTHYECKUX UCCIIEIOBAaHU, TO B HAYYHOU TUTEpaType Haubosee
IIMPOKO MPEACTABIICHBI UCCIENOBAHUS MO BIUSAHUIO YIIEPOJIHBIX HAHOYACTHI] B TEX-
HUYECKUX MaciaX. BiusHue yriaepoJHbIX HAHOCTPYKTYp Ha 3P (EKTUBHOCTH ILIa-
CTUYHBIX CMa30YHBIX MATEPHUAIOB MCCJIEAOBAHO HE CTOJIb HIUPOKO U CUCTEMATHYHO.
Haunbonee yacto npuMeHseMbIMUA NPUCAIKAMU B 3TUX UCCIIEIOBAHUSX CTAJd YIJie-
pOJIHbIE HAHOTPYOKH M OKUCJIEHHbIE MHOTOCJIONHbIE rpadensl [1]. M3yuenue peono-
MU CMa30K SIBJIIETCS HE3aBUCUMBIM MOAXO0JIOM K OMUCAHUIO CTPYKTYPbl CMAa304HBIX
CJIOEB B MPOIIECCE CABUTOBBIX JiehopMaruil.

[lenbto mpenacTaBieHHON pabOTHI SIBISETCS OMPEACIICHUE BIUSHUS OCOOEHHO-
cTelt ctpoenus U KoHueHtpauu a18yx Tunos YHC (MI'® u N-MI'®) Ha Bsizkoyrmipy-
rUe CBOMCTBA MPOMBIIIUICHHO BBIMYCKAEMbIX TUIACTUYHBIX CMa30YHBIX MATEPUATIOB C
MIPUMEHEHUEM HEpa3pylIaoIero (OCHUUISIMOHHOT0) TecTa. [lomydeHHble pe3ysib-
TaThl OyJIyT CIOCOOCTBOBATH ONTUMM3AIMN TPUOOJIOTUUECKUX XapPAKTEPUCTUK HMe-
IOIIUXCS Ha pbIHKE 0TeueCTBEHHBIX [ICM.

B kadecTBe 0a30BBIX IUIACTHYHBIX cMa304yHbIX MaTepuanoB (IICM) mcmoinb3o-
Bamuch oaHa umnopTtHas — Claas AGRIGREASE EP2 (1) u nBe oTedecTBEHHBIC
cmazku — ['asmpomuedTs LX EP2 (I1) u Jluton-24 (111). Cunares MI'® u N-MI'®
MIPOBOJIMIIN METOJIOM XMMHUYECKOTO OCAXKJICHUS W3 MapoBoil (pa3el Ha MaTpuiie MgO
B COOTBETCTBHUU C MPOLIEAYPOH, ONMMCAaHHOU B [2]. MaccoBas nomnst npucaaok MI'® u
N-MI"® BapsupoBanacs ot 0,1 1o 1,5 macc. %. lucniepcun roTOBUIN MEXaHUYECKUM
nepememmBanueMm [ICM c¢ YHC. Peonoruueckue XapakTEPUCTUKU PETUCTPUPOBA-
JIMCh IO METOJIUKE, MPEJICTABICHHOM B [3].

[Ipsaimoe usmepenue Bs3kux U ynpyrux cpoiictB gucrnepcuid YHC B IICM mpo-

BOJIWJIM HA JIMHEWHOM y4aCTKEe 4acTOTHOM pa3BepTKU. IlomydeHbl 3HaUeHUs MoayJIen
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HakorwieHus U motepb (G’ u G'', COOTBETCTBEHHO), HA OCHOBAaHHU KOTOPBIX PACCUU-
ThIBAJICA TaHTeHC yria notepb (fgd). Xots Bce Tpu ucciuenaoannbie [ICM umeror
3HAUEHHUS, XapaKTEpU3YIOIIHE HX BA3KOYNpyroe cocrosHue (tgd < 1), monmynu

HakorieHud oTmmyatores B 1,5 — 2 paza (I — 4000 ITa, 11 — 2730 ITa, 111 — 6200 I1a).
Beegenue B [ICM | — 11 manocnoitasix rpaduTOBBIX (PparMeHTOB MPHUBEIO K CHU-

’KEHHIO BEIMUYMHBI G’ BO BCeM JMana3oHe KOHICHTPAIMHA 110 CPABHEHHIO ¢ 0a30BBIMH
[1ICM (puc. 1). Uckmrouenuem sBisietcst yBennuenue ' npu BBeaenuu 0,5 macce. %
00enx YHC B IICM Il. MakcumanbHoe cHmxkeHue nokasarens G' ¢ 6200 no 50 Ila

HaOmogaercs npu BBenenuu 1,0 mace. % obenx YHC B [ICM I1l. OcHoBHbIE paznu-
YyHsl B PEOJIOTHUECKOM MoBeAeHuH uccienyembix aucnepcuid [ICM/MI'® u [ICM/N-

MI'® mposBIAOTCS B JAuaria3oHe KoHIeHTparui mo6aBok ot 0,1 mo 0,5 macc. %

(puc. 1).
—=— +LGF
7000 .
I (6200 Pa)] +N-LGF
_ _ _ _ . _ ==l —A—II+LGF
6000 —v— II+N-LGF

1 (4000 Paj —<«— llI+N-LGF
« 4000
o

O 3000 Il (2730 Pa)

= S\

1000 + N

0 I —
0,00 0,25 0,50 0,75 1,00 1,25 1,50
C,wt. %

A

Puc. 1. 3aBUCHMOCTH MOyl HakoIUleHHss (' OT KOHIIEHTPAIUU MPHCAIOK

. HITpuXOBBIMUA JIMHUSIMU HA4YeHbl 3HAYCHUS JUIS TBETCTBYIOINX
VYHC. I 0 0003Haue 3Haye G' COOTBETCTBYIO

I[ICM.

AHalIM3 3HAYEHUN TaHT€HCa YIJia MOTepb MJIs BCEX MU3YUYEHHBIX AUCIEPCHUI IMO-
Ka3ajl, 4yTo B Juana3zoHe koHueHtpamuii ot 0,1 mo 0,5 macc. % nobaBku kak MI'O,

Tak ©1 N-MI'® He Hapymaror Baskoynpyrue corictBa [ICM. YBenuueHue KOHUEH-



tpauuu YHC cbie 0,5 macce. % NpUBOAMT K MOBBIIIEHUIO 3HaYeHUs L g4, 4TO CBU-

JETEIBCTBYET O NMEPEXOIE NTUCIIEPCUM U3 BSI3KOYIIPYrOro COCTOsIHUS B BA3Koe. [lomy-
YEHHBIE PE3YJIBTATHI XOPOIIO COIIACyIOTCA ¢ AaHHBIMH Uil 3TuX ke [ICM ¢ nobas-

ko apyrux YHC [3]. W3menenue aOCOMIOTHBIX 3HaYeHWN tgd B JUCHEPCUSX

[ICM/YHC c konuentpamusmu no6asku 1,0 u 1,5 macc. % 3aBUCHUT Kak OT CTPYKTY-
pet YHC, tak u ot 6azoBoii [ICM, nmoHuxasi WUiv MOBHIIIAas WX BeTuIuHbL. [[1s 6a30-

BoIX [ICM mnabOmogaeTcst ymenbiienue ' B cneayromem psagy: | > 11 > 11, uto cBu-

ACTCIIBCTBYCT O Oonece CTPYKTYPUPOBAHHOM COCTOAHUU HMHOpTHOﬁ CMa3KHU I10 CpaB-

HCHHIO C OTCUCCTBCHHBIMU IIPOAYKTAMMU. HauGonbiiee cHmkenne BenuYuHbl G OT-

meueHo B cucteme [ICM IHHI/N-MI'® (1,0 macc. %). Pe3koe CHMKEHHE YIpPYTUX
ceoiictB [ICM I, Il u Il npu BBenenuu YHC B xonunentpamusax 1,0 u 1,5 macc. %
MOXET CBUJICTEILCTBOBATh O Pa3pyIICHUU KapKaca 3aryCTUTENsl CMa304YHOTO Mare-
puazia npy Takux KOHIEHTPAIUSIX MaJIOCIOWHBIX TPapUTOBBIX (hparMeHTOB.

MeTomoM OCIUIUIAIIMOHHBIX Te(opMaIiiii MoTydeHbI TaHHBIE TT0 BA3KOYIIPYTHM
XapaKTePUCTHKAM JAMCIICPCUN MalIOCIONWHBIX IpaduToBbIX GparmenToB (MI'®) u ux
a30T-ponupoBaHHbIX aHajgoros (N-MI'®) B konunentpanusax ot 0,1 o 1,5 macc. % ¢
TPEMs TIPOMBIIICHHO BBIMTYCKACMBIMH IIACTUYHBIMA CMAa30YHBIMH MaTepHUalaMU.
ITpu konnentpanusax ao 0,5 macc. % YHC egazkoynpyeue cBoMCTBa aucHepcuid co-
XPaHAIOTCS, B TO BpeMsl KaK Npu KoHLeHTpanusax cseime 0,5 mace. % YHC nucnep-
CUU MPOSBIISIIOT 8s3Kue CBOMCTBA. [10BBIIIIEHNE WM TOHUKEHNE a0COIIOTHBIX 3HAYE-
Huit tgd B mucnepcusix [ICM/MI'® u IICM/N-MI'® ¢ koHIleHTpauusiMu 100aBKU
1,0 u 1,5 macc. % 3aBUCHT KaK OT CTPYKTYPbI IPUCAJIKH, TaK 1 0a30BOM CMa3KHU.

*Paboma noooepyxcana PDODPU (epanmer Ne [8-29-19150 mx, Ne 20-33-
90043 _acn) u Munobpuayku P® (npoexm Ne FZZM-2020-0006 onsa Hsl'Y).

Cnucok aureparypsl
1. Advances in carbon nanomaterials as lubricants modifiers / I. Ali, A.A.

Basheer, A. Kucherova, N. Memetov, T. Pasko, K. Ovchinnikov, V. Pershin, D.

42



Kuznetsov, E. Galunin, V. Grachev, A. Tkachev // Journal of Molecular Liquids,
2019, Vol. 279, pp. 251-266.

2. Effect of synthesis conditions on morphology, structure, and defectiveness
of few-layer graphene nanoflakes / S.A. Chernyak, D.N. Stolbov, K.l. Maslakov,
S.V. Maksimov, O.Y. Isaikina, S.V. Savilov // Russian Journal of Physical Chemis-
try, 2021, no 95, pp. 558-564.

3. Peosnorng mimacTUYHBIX CMa30YHBIX MaTCpuaJIOB C IIPUCAIKaMU YTJICPOA-
HBIX HAaHOCTPYKTYp pasimuyHoro tuma / M.A. Illunos, A.M. CmupHOBa, A.A. I'BO3-
nes, H.H. Poxkona, T.II. JIpsiukoBa, A.A. bypxos, JI.H. Cron6os, C.B. CaBuios,
H.B. Ycompnena // Tpeane u nuzHoc. — 2019. — T.40. — Ne 6, C. 720-730.

INFLUENCE OF STRUCTURE AND CONCENTRATION OF
FEW-LAYER GRAPHITE FRAGMENTS ON RHEOLOGICAL
PROPERTIES OF DISPERSIONS WITH PLASTIC LUBRICANTS

ABSTRACT

The viscoelastic characteristics of the dispersions on the base of three plastic
lubricants with the additives of few-layer graphite fragments (LGF) and the nitrogen-
doped analogue (N-LGF) have been studied by the method of oscillatory defor-
mations. At concentrations of the additives up to 0.5 wt. %, the viscoelastic properties
of dispersions preserve, while when the concentrations were over 0.5 wt. %, the dis-
persions exhibit viscous properties. The change in the absolute values of the loss an-
gle tangent of the studied PLM/LGF and PLM/N-LGF dispersions with additive con-
centrations of 1.0 and 1.5 wt. % depend on both the structure of the additive and the
base lubricant.

Keywords: few-layer graphite fragments; plastic lubricants; rheology; viscoe-

lasticity; dispersions.
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AHHOTALIUA
N3yuensl ycnoBusi 00pa3oBaHus TPEXMEPHBIX CTPYKTYP U3 OKCHJIOB rpaduTa 1o
Xammepcy u bpoau myrem BOCCTaHOBJICHHMSI THOMOYEBUHOW (KOHIIEHTpAIUsl pearu-
PYIOIIMX BEIIECTB, TEMIIEpaTypa, CIOCOObI MEepeMeIIBaHus, JSUCTBUE YIIbTPa3BY-
Ka). MeTonoM CKaHUPYIOIIEH AIEKTPOHHON MUKPOCKOIIUHU UCCIIeI0BaHa MOP(OJIOTHS
MMOBEPXHOCTH TOJTYYEHHBIX BOCCTAHOBJICHHBIX OKCHJIOB IpaduTa.
KuarueBsble cioBa: okcuj rpadurta; THAPOTesib, BOCCTAHOBICHHBIA OKCHUJI I'pa-

¢duTa; THOMOUYCBHHA.

Tpexmepusie (3D) cTpykTypsi, oOpasyromuecss B pe3yibTare caMOCOOPKH JIH-

CTOB OKCHIA r‘pa(beHa ImoAq I[GﬁCTBPIGM BOCCTaHOBI/ITCHCﬁ, CIIMBArONIuX arcHToB, IIO-
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JUMEPOB WU B pe3yJbTaTe TUAPOTEPMAIBHOIO BOCCTAHOBJICHHUS, OOJNAJAIOT YHU-
KaJbHBIMU (PU3UKO-XUMHUYECKUMU U DJICKTPOXUMHUECKUMHU XapaKTePUCTUKAMU U SIB-
JISIFOTCSI TIEPCTIEKTUBHBIMU aJIbTEPHATHUBAMHU MPUMEHSEMBIM ceiyac MOopoIlKaM Ha
OCHOBE MTOPHUCTOIO yriepoa JJjisl MPOU3BOJCTBA JIEKTPOJOB B CYNEPKOHIEHCATOPAaX
[1]. B kadectBe mpeauiecTBEHHUKa sl MojiydeHust 3D-cTpykTyp uccienoBarenu
OPUMEHSIOT OKCHJ Tpadurta, ModydyeHHbIH 1o Meroay Xammepca. O TpeXMepHBIX
CTPYKTYypax, MOIYYSHHBIX U3 OKCUAA rpaduTa o Mmeroay bpoau, Hamu ynmoMuHaHUN
B JIUTEepaType He HaijeHo. L{enbio npeacraBneHHON paboThl ObLIO BBISICHEHUE YCIIO-
BUII 00pa3oBaHusl okcujaaMu rpagura mo Xammepcy u bpoau 3D-cTpykTyp mpu ux
BOCCTAHOBJICHUM THOMOYEBHUHOM.

Cunre3 okcuma rpadura no Xammepcy (OG-H) mpoBoawiv mo MeTOAMKE C
YUIMHEHHOM CTagueld B3aWMOJCHUCTBUS HHTEPKATUPOBAHHOTO CEPHOM KHMCIOTON
rpadura ¢ nepMmanraHaroM kamus [2]. [ns cuntesa okcupa rpadura no bpoau
(OG-B) ucnonn3oBamu Oosiee 0€30MaCHYIO BEPCHIO KJIACCHUECKOH MeTomuku [3].
HucneprupoBanue BOAHBIX cycrieH3uit OG MpoBOaWIM B yIBTPa3BYKOBO BaHHE
Codyson CD-4800 (42 xI'u, 70 Bt) B Teuenue 30 muH. BoccTaHOBIIEHHBIE OKCHIBI
rpadura (rOG-H, rOG-B) nmonyyanu Beiaepxkoit BomHbix cycnensuiit OG ¢ Tmomo-
yeuHOU nipu 80 °C B TeueHue 1 yaca. bpuio MocTaBieHo Tpu CEPUU ONBITOB: MEpBast
— 0e3 mepeMelMBaHusl, BTopasi — MpU MEepEeMEIIMBaHUUM MarHUTHON MeIIajaKoil (Mme-
XaHMYECKOE TIEPEMEITNBAHUE) U TPEThI — MPHU MEPEMEITUBAHUY C MIOMOIIBIO YIbTpa-
3Byka (42 xI'u, 70 Bt). [Iponyktsl BocctanoBieHuss OG CKIOHHBI K arperanuu 4a-
CTHII, HO ()OPMHUPOBAHKE THAPOTENS HAOIIOAAETCS TOJIBKO B CIIy4ae B3aUMOACHCTBUS
¢ TuomoueBruHoi OG-H u ToIBKO MpHU BO3ACHCTBUM YIIBTPa3BYKa.

bbun ycTaHOBIIEHBI KOHIIEHTPALMU THOMOYEBUHBI U cycnien3un OG, nocrarou-
HbIE I 00pa3oBaHus ruaporens. BappupoBanu konuenTpauuu cycnensun OG (ot 1
10 8 Mr/em®) u MaccoBoro coorHomenust OG u THomouesuHs! (ot 1:1 g0 1:16). Boc-
CTaHOBJICHHE MPOBOJMIN NPHU BO3ACHCTBUM YIbTPA3ByKa, CTENIEHb arperainuy 4acTull
rOG oneHMBaMM BU3yalbHO. BBISICHEHO, YTO JaHHBIE O MAaCCOBBIX COOTHOIICHHUSIX
HCXOJHBIX PEareHTOB HE JAlOT BO3MOKHOCTH IMPOTHO3UPOBATh, HACKOJIBKO CHUIIBHO

arperupyroT 4acTuilbl npu BoccTaHOBIEHMH OG THOMOYEBUHOW — Ba)XKHO KOHIIEH-
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TpPaAIMOHHOE COOTHOIIeHUE. J[ns1 hopMUpOBaHUS TIOTHOTO THUAPOTENSI HEOOXO0IUMO,
qr0o6bI KOHIEHTparms OG-H B cycrensun 6bita He Hipke 2 Mr/cM®, a KOHICHTpALHs
THOMOYEBHUHEI — He HHMke 0,1 MOJIB/,ZLMs. [Tpuuem 3 OG-B B ucciaegoBaHHOM JHarna-
30HE KOHIICHTpAIUi THAPOTETh HE 00pa30BhIBAJIC.

MeronoM ckaHupyromiei 37aeKTpoHHOM Mukpockonuu (COM) wuccienoBaHa

MOpPQoJIOTUST TTOBEPXHOCTH moiydyeHHbIX OG mocne ux cyOaMManMoHHOW CYIIKH

(puc. 1).

0430 1062 BEC

i lf"l

20kV. X1,000°7 10pm 4 0; 20kv X1,000 10pm 0432 1040 SEl 20kVv  X1,000 7#0434 10 62.BE

Puc. 1. COM-u300pakeHus NpeICTABUTENbHBIX YYAaCTKOB MOBEPXHOCTH JIHO-
¢unmuszaToB cycnensuil rOG, moylydeHHBIX MPU BOCCTAHOBJIEHUU THOMOYEBUHON: 0e3
nepemenmBanus OG-H (a) u OG-B (b); npu mexanndyeckom nepemernmannu OG-H

(c) u OG-B (d); mpu Bo3aeiicTBum yibrpa3syka OG-H (e) u OG-B (f).

Mopdomnorus gactuir rOG-B cmabo 3aBUCHT OT YCIOBHI IPOBEICHUS MpoIlecca.
XOTs O Mepe yCUIICHUSI MEXaHUYECKOTO BO3AeMCTBUsI HAOII0AaeTCS HEKOTOPOE pas-
PBIXJICHUE YaCTHI], BO BCEX CIIy4asiX 0Opa3yroTCs pacCIOCHHBIC YaCTUIIBI, COXPaHs-
romye GopMy U pazMepsl demyek ucxogaHoro rpadura. [Ipu Boccranosnenun OG-H
HaOmrofaeTcs uHas kaptuHa. [Ipu npoBeneHuu npoiecca 6€3 nepeMenuBaius U Mpu
MEXaHMYECKOM TIEpEeMEITNBAaHUH TTOBEPXHOCTh MPOIYKTa UMEET BUA U3MATOM 1mmdo-
HOBOM TKaHH, COCTOSIICH M3 COEAMHEHHBIX TpaeHONOT00HBIX TUTACTUHOK, Ha KOTO-

POIi BCe €e1l1e MOYKHO Pa3INYUTh OTJCIbHBIC TUNIACTUHKH, COXpPaHUBIITHE HOPMY U pa3-
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Mepbl YelIyeK UCXOHOro rpaduta. B otianuue ot 3Toro, mpu o0paboTKe yIbTpa3By-
koM gactuiibl TOG-H GopmMupyroT cTpyKTypy, HAIOMUHAIOUIYI0 XaOTUYHO CMSTYIO U
JaCTUYHO CKOMKaHHYIO IMHU(POHOBYIO TKaHb. TakuM OeCHOpSIOYHBIM CMSTHEM, Tie-
perieTerreM, ckpyunBanuem dactuil OG-H MoxxHO 00BSICHHTH 00pa3oBaHHE UM
00BEMHOTO THIPOTEIIS.

[Tpu B3aumopeticteuun OG-B ¢ THOMOUYEBHHONM HE yJa10Ch M0A00paTh yCIOBHS
mpolecca, Mpu KOTOPBIX 00pasyercst ruaporens. MoXXKHO MPEAnoaoKUTh, YTO CIIO-
COOHOCTH 00pa30BBIBATH THAPOTENHh MPH BOCCTAHOBICHUH 3aBHCHUT OT CBOWCTB HC-
xonubix cycnensuii OG-H u OG-B. Ha puc. 2 npuBenens n300pakeHUsT TOBEPXHO-

ctu yactur, OG-H u OG-B nmocrie cyObnumMamoHHo# CyIIKU UX BOJHBIX CYCIICH3UM.

&y

» . i 4 gek.” 4
p v , » ‘ GOKV, X2,500  10pm ¢ 0519 - 10 40'SEI Y =
200V %1,0009 1?&; 0358° 1062BEC 20kV ,&2.600 w 0645 10 68 BEC w 20KV T X1,0000 10pm 0467 1040 SE|

Puc. 2. COM-u3o0pakeHust vactui] a) - ucxomHoro rpadura Formula BT
2935APH Superior Graphite Co, USA (coaepxanue yriaepoaa 99,95 %, npeobiiana-
IOIIHI pa3Mep YacTull — MeHee 32 MKM) U JTnoduin3atoB cycrnensuii b) - OG-H (me-

XaHn4eckoe nepemeniuBanue); C) - OG-H (ynptpassyk); d) - OG-B (yneTpassyk).

Ecmu cycnensuto n3 OG-H roToBsST myTeM MEXaHHMYECKOro TMepeMelIMBaHus,
00pa3yroTcs TOHKUE JTUCTHI OKCHAA TpadeHa ¢ 3aKpydeHHBIMU KpasMH, UX JIaTepajib-
HBIA pa3Mep COOTBETCTBYET pa3MepaM YelllyeK MCXOJHOro rpadura (puc. 2, a; 2, b).
O06padoTka BomHOM cycnien3nn OG-H ynbTpa3BykoM IpUBOIUT K CUETIIICHUIO 3aKpY-
yeHHBIX KpaeB JucToB OG B eauMHOE IMOJIOTHO M OTICIbHBIC YaCTHUIBI YK€ HEBO3-
MOHO pa3nuuuTh (puc. 2, ¢). O6padoTka ynbpTpasBykom cycnensnn OG-B k Takomy
pe3ynbTaTy HE MPHUBOJUT — OCTAIOTCS JIOCTATOYHO TOJCThIC «makeTb» yactuly OG
(puc. 2, d).

Takum 06pazom, cocod mosydyeHust okcuaa rpadura CylmecTBEHHO BIMSIET Ha
YCHEITHOCTh (POPMHUPOBAHUS W3 HETO TUAporess. BoccTaHOBICHHE THOMOYEBHHOMN

OG-H B onpeneneHHOM KOHIICHTPAIIMOHHOM COOTHOIICHUH U MPU BO3JACHCTBUU YIIb-
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Tpa3ByKa BelET K MOJYyYEHUI0 OOBEMHOTO THAPOTeNs C Pa3BUTOM MOBEPXHOCTHIO.

[Ipoaykr OG-B npu B3auMo1eiCTBUU C THOMOUYEBHUHOM THAPOTENIbh HE 00pa3yerT.

Cnucok JuTepaTypbl

1. 3D graphene based materials for energy storage / Xueliu Fan, Xuli Chen,
Liming Dai // Current Opinion in Colloid & Interface Science, 2015, Vol. 20, no. 5-6,
p. 429-438.

2. Bnusgnue ynpTpa3Byka Ha CTPYKTYpPY BOCCTaHOBJIEHHOTO THOMOYEBHHOU
okcuna rpadpura / H.B. Anemacosa, C.P. CyxoBa, B.B. KpaBuenko // ®usuko-
XUMHYECKHAE ACMHEKTHl M3YYEHHUS KIaCTEPOB, HAHOCTPYKTYp M HAHOMATEPHUAJIOB. —
2020. — Beimyck 12. — C. 765-774.

3. Oxkcupa rpadgura — craguu (GOpMUPOBAHUS U HOBBIN B3IV HA CTPYKTYPY
/ E.C. Ilamassauna, M.B. CaBocekuH, A.H. Baosuuenko // Teoperndeckas u 3KcIie-

pumenTanbHas xumus. — 2013. — T. 49. — Ne2. — C. 81-87.

CONDITIONS FOR THREE-DIMENSIONAL STRUCTURES FORMATION
BY GRAPHITE OXIDE OF DIFFERENT NATURE

ABSTRACT
The conditions for the three-dimensional structures formation from Hammers
and Brody graphite oxides by reduction with thiourea were studied (the concentration
of reactants, temperature, methods of mixing, the effect of ultrasound). The surface
morphology of the obtained reduced graphite oxides has been studied by scanning
electron microscopy.
Keywords: graphite oxide; hydrogel; reduced graphite oxide; thiourea.
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AHHOTALUSA

HccnenoBana akTUBHOCTH YTIICPOJIHBIX HAHOMATEPHAIOB B MPOIIECCAX OYUCTKH
CTOYHBIX BOJI OT OpraHUYECKUX KpacuTelel (Ha mpuMepe KapMyasuHa). Y TIepOTHbIC
HaHOTPYOKH Mapok «Taynut», « Taynur-My», « Tayaut-M]JI» sBasitorcs manoshdex-
TUBHBIMH KaTanu3aTopaMu mporiecca DeHTOHa, OYMCTKA pacTBOpa OT KapMyas3wHa
MIPOUCXOIUT MPEUMYIIIECTBEHHO 3a CUET aJICOPOIUH.

KioueBble cijioBa: yriepoaHble maTepuaibl, mporecc {DEHTOHA; OYHMCTKA

CTOYHBIX BOJ.

CyIIecTBYIOT pa3IMYHbIC CITOCOOBI OYMCTKH CTOYHBIX BoJ. IIporecc denTona
(coBMecTHOE NelicTBUE TIepoKcHaa Bojopoaa u cojeit xkeneza Fe(Il)) cuuraercs on-
HUM H3 3()PEKTHBHBIX METOJIOB JIJISI OYMCTKH CTOYHBIX BOJ, COJASPIKAIINX MHOXKECTBO
HE pa3jaraéMblX MUKPOOPTaHU3MaMU OPTaHUICCKUX COCTUHEHUH.

B kauectBe karanmuzaropoB DeHTOHA MOTYT OBITh WCIIOJIB30BAHBI YTIEPOIHBIC

Marepuaibl. [Ilnpokoe npuMeHEeHrEe yIiiepo/ia B Ka4eCTBE HOCUTENS B KaTaau3aTopax
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CBSA3aHO C JABYMS Ba)KHBIMHM XapaKTEPUCTHUKAMHU: OOJIBIION YyAEIbHONW MOBEPXHOCTHIO
Y XUMHAYECKOW MHEPTHOCTHIO, 0COOCHHO B CPEJIE CUIIBHBIX KUCIOT U OCHOBAHMI.

VYriepoaHbie HAHOTPYOKH UMEIOT IIMPOKUI CIEKTP MPUMEHEHUS, B TOM YUCIIe U
IUTSL SKOJIOrMYecKuXx 1enei. [IpucyTcTBue nepexoqHpiX METAUIOB KOOAJIbTA U JKeJe3a
B COCTaBE€ HAHOTPYOOK MOXKET MO3BOJIMTHh MCIOJB30BaTh JAHHBIA MaTepuai B Kaue-
CTBE Karanu3aropa ajs npouecca OeHToHa.

[enpro uccnenoBanusl ABISUIOCH UCCIEIOBAHNE aKTUBHOCTH YTJIEPOAHBIX HAHO-
MaTepHAJIOB B KATAIUTUYECKOW OYMCTKE CTOYHBIX BOJI OT OPTaHUYECKUX KpacuTesen
C MOMOUIBI0 MEPOKCHAA BoAopoaa. B kadecTBe katain3aTopoB mpouecca MeHToHa
ObuM MccnenoBaHbl HAHOTPYOKHU («TayHuT», « Tayaut-My», « Tayaur-MJI»).

TexcTypHble XapakTepucTtuku (Tadma. 1) uccneayeMpix 00pa3loB pacCUUTHIBAIH
Ha OCHOBAaHHUM U30TEpPM ajicopOruu-aecopouuu (puc. 1) azora npu Temmeparype 77
K, nonmydennsix Ha o6beMHOMeTpuYeckoi yctaHoBke Nova 1200e. Bee 06pasiist 00-
JaJaJIA Pa3BUTON ME30IIOPUCTON CTPYKTYPOM

1200.00 Tabn. 1. TekcTypHblE XapaKTEPUCTHKU
1000.00 +—Taynut MA

YIJIEPOAHBIX HAHOMATEPHUAJIOB.
800.00 o—TayHuT

"‘E 600.00 TayHut M S V D
& Yo > Mer
0w Obpasen Mo/r | eMir Hwm
200.00 H 6
HOTPYORI 1 ogg | 1,37 | 3,21
0.00 0.20 0.40 0.60 0.80 1.00 «TayHHT-M»
P/Ps HarotpyOrut | 56 | 9 072 | 30,7
«Tayaur-M/JI»
Puc. 1. N3otepma aacopOiuu a3ota
HanotpyOku
119 | 0,270 | 4,34
npu Temreparype 77 K Ha HaHOTpyOKax. «TayHUT»

B xauecTBe MOAENBHOIO BeliecTBa ObLI BEIOpAH aHUOHHBIM KpacuTellb A30py-
oun. Konuenrpauus kpacurens coctaBisuia 20 Mr/i, coaep:kanue kartanuzatopa 4
/]I, KOJIMYECTBO MEPOKCUAA BOJOPOAA CTEXHOMETPUUYECKOE I TOJTHOTO OKUCIICHUS
KapMya3HHa.

Crenenb OYMCTKHM pacTBOpa 3a Iojdaca KOHTakTa coctaBmia mopsaka 80 — 90

%. By KMHETHMYECKUX KPHUBBIX, 4 TAKXKE CPAaBHUTEIBLHOE HCCIICIOBAHUE aJICcOPOIu-
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OHHOT'O ITponeccca ¢ KaTAJIMTUICCKUM CBUACTCIILCTBYCT O TOM, YTO OYMCTKA paCTBOpa

OT KpaCHUTCIIsI B IPUCYTCTBUUN YITICPOAHBIX HaHOTPY6OK OCYIICCTBIACTCA T'JIaBHBIM

o6pa30M 3a CUCT IIpomecca a,HCOp6HI/II/I, KaTaJIUu3 IIPOTCKACT B MECHBIIIEH cTeneHu. Be-

POSATHO, MEPEXOAHbIE METAJUIbI, MPUCYTCTBYIOIINE B HAHOTPYOKax, HAXOIATCS B Me-

CTaX, HCAOCTYIIHBIX JIA IICPOKCHUIa BOAOPOIA, 100 B HEAKTUBHOMU q)OpMC.

100

50 == B == -
7 el

80 Jﬂ o
B - —
T o
E &0 /’f
i 50 }.'f.-'lr = TayHuT
g a0 .If —a—TayHHT M
(=
g 30 -J- —a—Tayuit M
L7

1] 10 20 30 40 50 50 70

Bpems, MHH
Puc. 2. 3aBUCUMOCTD CTEIIEHHU
OYMCTKH PacTBOpa KPaCHUTENSI OT BpeMe-

HU B pe3yJibTare npouecce eHToHa.

100 1-TayHUT M W AgcopbBuMs

2-TayHuT M,
3-TayHuT = HiTaI
2 3

KHoHueHTpauma obpasya ratanusatopa 0,4 r/n

& 3 B

CreneHb ounctem, %

(=]
=

0
1

Puc. 3. CpaBHUTENBHBIN aHAIU3 CTE-
NIEHU OYUCTKHM pacTBOpa B IMpoleccax aj-

coOpOLIMH U KaTau3a.

Taxkum O6p&30M, MOJXHO 3aKJIIOYHUTh, YTO UCIIOJIL30BAHHUC YIJICPOAHBIX HAHOMA-

TCPHAJIOB B KAaUCCTBC KATaJIM3aTOPOB B IIPOLICCCC deHTOHA I O4YHMCTKH CTOYHBIX

BOJI HELIEJIECO00Pa3HO.

RESEARCH OF CARBON NANOMATERIALS FOR PURIFICATION OF
WASTE WATER FROM ORGANIC DYES

ABSTRACT

The activity of carbon nanomaterials in the processes of wastewater treatment

from organic dyes is studied (using the example of carmoisine). Carbon nanotubes of

the brands «Taunity, «Taunit-M», «Taunit-MD» are ineffective catalysts of the Fen-

ton process, the solution is purified from carmoisine mainly due to adsorption.

Keywords: carbon materials; Fenton process; waste water treatment.
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AHHOTAIIUA

Pa3paboTansl katoasl Ha ocHOBe deppodocdara TUTUS ISl TUTUH-UOHHBIX aK-
KYMYJISITOPOB, COJEp>KaIlue OJHOCTEHHBIE WJIIM MHOTOCTEHHBIE YTJIEPOAHBIE HAHO-
Tpyoku (YHT) B kauecTBe 3EKTPOIPOBOISIIETO KOMIIOHEHTA. 3aMeHa TPaIUIIMOHHO
rcnoJib3yeMon caxku Ha YHT mo3BOJISIET CHU3HUTH COJIEPKAHUE MPOBOASIIETO yTJIIE-
pona B karogax 10 0.1 — 0.2 macc. %, MOBBICUTH UX AJEKTPONPOBOJTHOCTh U Y/EIb-
HYI0 €MKOCTb. [Ipupoaa ncrnonb3yemMoro nNoJIMMEPHOTO CBSI3YIOLIErO0 OKa3bIBAET BIIU-
AHUE Ha ycTonumBocTh auctiepcnid YHT B kaTomHBIX CycneH3HsIX, paBHOMEPHOCTD
pactpenenenus YHT B cocraBe mosyqaeMbIX KaTONOB, UX YIEIBHYIO €MKOCTb U
LHUKJINYECKYIO YCTOMUYUBOCTb.

KuiroueBrble cjioBa: yriepoaHble HAHOTPYOKH; YCTOMUHUBOCTD JUCTIEPCHUH; JIU-

TUW-UOHHBIC aKKyMYJIATOPHI; heppodocdar mutusi.

JInTHi-nOHHBIE AKKYMYJISITOPBI SABJISFOTCA NEPCIIEKTUBHBIMU UCTOYHUKAMU TOKA
TUTSI DJIEKTPOMOOWIIEH M CUCTEM XpaHEHUs] BO30OHOBIsieMOit sHepruu. [Ipu co3nanuu

BBICOKOCMKHX aKKYMYJIATOPOB Ba)KHOU 3a11aqel71 ABJIACTCA YBCINYCHHC yI[CJ'IBHOﬁ CM-
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KOCTH U TUIOTHOCTH SHEPTUH UX AEKTPooB [1, 2]. OgHIM U3 MOIX0I0B K PEIICHUIO
JAHHOM 3a7]a4M CITY>)KUT CHH>KEHHE COJAEPKaHMs BCIIOMOraTeIbHBIX (JIEKTPOXUMUYE-
CKM HEAKTUBHBIX) KOMIIOHEHTOB B COCTaBE 3JIEKTPOJIOB, & UMEHHO MOJIMMEPHOTO CBS-
3YIOIIETO M JICKTPOIPOBOJISIIEIO KOMIIOHEHTA [2].

B nanHo# pa®oTe B KauecTBE AIEKTPONPOBOASIIUX KOMIIOHEHTOB JJIsi KaTOJ0B
Ha ocHoBe ¢eppodocdara aurus (LiIFEPO,4) mcmonp3oBain OMHOCTCHHBIC I MHO-
rocteHHble yraepoaasie HaHoTpyOku (YHT). B kauecTBe CBA3YIOMIUX UCHIOIB30BATH
paszuYHbIe MOJIUMEPHI, IepepadaThiBacMble U3 PACTBOPUTENICH HA BOJIHOM OCHOBE C
LEJIBIO MTOCIEAYIOMIETO 0TKAa3a OT UCIOJIB30BAHKS TOKCHYHOTO U JOPOTrocToAmero N-
METWIITHPPOJIUIOHA.

[MpenyoskeHa MeTonuKa ModydeHUs KatoaoB Ha ocHoBe LiFEPO, m VHT. Ha
nepBor craguu roropwin aucriepcun YHT B pacTBOpax mOJMMEpPHBIX CBA3YHOLIUMX
yTEeM YJIbTPa3BYKOBOW 00pabOTKH, MOCIE YEr0 CMEUIMBAIN UX C aKTUBHBIM KOMIIO-
HeHToM (LiFePQO,4). U3 monydeHHBIX CYCHEH3U M3rOTaBJIMBAIM KaTOABI MO CTaH-
JTApTHOW METOIUKE.

YcranosneHo, uro BBeAeHue dactuil LiFEPO, B cocTaB KOMIIO3MTOB CBA3YIO-
mee-YHT mMoxkeT npuBOINUTH K YBETUYEHUIO SJIEKTPONPOBOJHOCTH MTOCAEAHUX HA | —
5 nopsinkoB 3a cuet Beiaenenus YHT B otnensHyro Mukpodasy; onpeaeneHsl cocTa-
Bbl KOMITIO3UTHBIX KaTO/I0B C HAMOOJIBLICH 31EKTPOIPOBOIHOCTBIO.

Menbmmit nopor nepkonsuun YHT no cpaBHEHHIO C TPaAULIMOHHO HUCTOJIb3Ye€-
MOl cakell MO3BOJIMJI YMEHBIIUTh COjAepkaHMe yriepoaa B karojax jo 0.1 — 0.2
Macc. %, a TakKe MOBBICUTH JJIEKTPONPOBOAHOCTh U YAENBHYK) €MKOCTh KaTOJOB
IIPU BBICOKUX CKOPOCTSIX 3apsiaal/paspsia.

[Toka3aHo, 4TO MpUPOJIa MOJUMEPHOTO CBA3YIOLIETO BIMSET HA XapakTep pac-
npenenenuss YHT B cocrase nosyyaembix KaTogo0B. MCnionp30BaHUE B KAYECTBE CBSI-
3YIOUIUX MOJIMBUHUIMHUPPOIUIOHA WM TOJUCYIL(POKUCIOT obecrieunBaeT Oosee
paBHOMEpHOEe pacnpeneneaue YHT 1mo cpaBHEHUIO ¢ TPaJMIMOHHBIM CBS3YHOLIUM
(MOJIMBUHUIUIAECH(PTOPHUIOM), UTO TO3BOJIAET JIOCTUYL 00Jie€ BBICOKHMX 3HAYCHUM

AJIEKTPONPOBOJHOCTHU U YIEIbHOM €MKOCTH KaToA0B. [Ipn 3TOM nuKiImyeckas ycTou-
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YUBOCTh KaTOJIOB KOPPEIUPYET C CHION aAr€3uH MOJIMMEPHOIO CBA3YIOIIETO K ajro-
MUHHEBOMY TOKOCHEMHHUKY.

*Paboma evinoanena npu ¢hurancosou noooepiicke Poccuiickoeo HayuHoeo

@onoa (npoexm Ne 17-73-30006).
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CARBON NANOTUBES AS AN ELECTRICALLY CONDUCTIVE
COMPONENT FOR THE Li-ION BATTERY CATHODES

ABSTRACT

LiFePO,-based cathodes for Li-ion batteries have been developed using single-
or multi-walled carbon nanotubes (CNT) as an electrically conducting component.
Replacement of conventionally used carbon black with CNT enabled to reduce the
loading of the conductive carbon down to 0.1 — 0.2 wt. % to attain higher cathode
conductivity and specific capacity. Chemical composition of the polymeric binder
used was found to affect the dispersion stability of CNT in the cathodic slurries, the
distribution of CNT within the cathodes as well as their specific capacity and cycla-
bility.

Keywords: carbon nanotubes; dispersion stability; Li-ion battery; lithium iron

phosphate.
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AHHOTAIIUA

bein CHUHTC3UPOBAH N OXapPaKTCPHU30BaH C IIOMOIIBIO PA3IMYHBIX MCTOOOB HC-

cleloBaHus psii HerpaduTU3NpyeMbIX yriiepoanbix matepuanoB (hard carbon), kak
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MEPCIEKTUBHBIX AHOJIHBIX MATEPUAJIOB I METAJUI-MOHHBIX aKKyMyJATOpoB. IToka-
3aHO, KaK ONTUMU3AIMS CUHTE3a BIUSAET HA 3JIEKTPOXMMHUYECKHE XAPAKTEPUCTUKU
Marepuana. bpuia mpemiokeHa MOJEeNb, MO KOTOPOW OCYLIECTBIISIETCS MEXaHU3M
HAKOIUICHHUSI SHEPTUU U HETpapUTH3UPYEMOTO YIIIepoJa B HaTPUI-MOHHOM aKKYy-
MYJISITOpE.

KuroueBble cj10Ba: HATPUI-HOHHBIE AKKYMYJISATOPBI; HETPAPUTUZUPYEMBIH yT-

JEPOI.

Herpagutusupyemsiii yriepos (B anriosizbiyHon snurepatype “hard carbon”™)
SBJISIETCS OJHUM M3 CaMbIX IEPCIEKTUBHBIX AHOJHBIX MaTEpHaloB JUIsl MeETasli-
MOHHBIX aKKyMyJISITOpOB. J[aHHBIE MaTepuaibl OTJIMYAIOTCA BBICOKOH E€MKOCTBIO
(Bbrmie 250 MAY/T) ¥ CTAaOMIBHBIM LUKJIUPOBAHUEM, TPOCTOTON CHUHTE3a M HEJ0PO-
roif CTOMMOCTBIO TIpeKypcopoB [1]. Haubonbimii nuaTEpEC MaHHBIA MaTepua mnpe/-
CTaBJIsieT B 00JIacTU HATpUil-MOHHBIX akkymyssitopoB (HMA), tak kak rpadwur, us-
BECTHBIM MaTepuall B TEXHOJOTHH JIUTUU-UOHHBIX aKKymyJsaTopoB (JIMA), otiuua-
eTCs HU3KOH eMKOCThIO B ciydae ¢ HUA [2].

Jlns HerpadUTU3UPYEMBIX YIIIEPOIHBIX MaTEPUAIOB XapakTepHa TypOOCTpaTHO-
pa3ynopsioueHHasi CTPyKTypa, Iie Ha CThIKe TpadeHONOoAOOHBIX CIIOEB MPUCYT-
CTBYIOT 3aKPBIThIE MUKPOIIOPBI CO cpeaHuM auametrpoM o 2 M [3]. IIpenmonaraert-
Csl, UTO TaKWe MaTepuajbl BKIIOYAIOT B c€0sl HECKOJIBKO MO3ULIMM JIJIsi B3aUMOJCH-
CTBHS C MOHAMHU IIEJTOYHBIX MeTaJIoB [4]. CymiecTByeT HECKOIbKO MOJIeei, KOTO-
pble TO-pasHOMY HMHTEPHPETUPYIOT MPOLECCHl, MPOUCXOISIINE B XOJE 3apsiaHO-
pa3psAIHOrO LMKIMPOBAaHMS HerpapuTuzupyemoro yrieponaa [1]. BeisiBneHue oco-
OCHHOCTEW B3aMMOJICHCTBHS HErpaQUTHU3UPYEMOro yriepoja U KaTHUOHOB pa3ind-
HBIX LIEJOYHBIX METAJUIOB OCTACTCS aKTyaJIbHOW HAYYHOU 3a/1a4eHl.

JlanHast paboTa MOCBSIIIEHa CUHTE3Y HErpapUTHU3UPYEMBIX YTIEPOJOB U3 TIIIO-
ko3bl. [lokazano, kKak MeTOAMKA MPeAoOPabOTKH TIIFOKO3bI BIUAECT HA MOP(OIOTHIO
HerpaUTU3UPYEMOTO Yriepoaa. DJICKTPOIbl U3 MOJYYECHHBIX MaTepUaioB ObLIN UC-
CJI€J0OBaHbl METOJIOM T'aJIbBAHOCTATUYECKOTO LIUKIUPOBAHUS B AJIEKTPOXUMUYECKOU

STUCHUKE C IMPOTHUBOJJICKTPOAOM U3 MCTAINIMYCCKOT'O HanI/IH/J'H/ITI/ISI. briio MpoOaACMOH-
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CTPUPOBAHO, YTO ONTHMHU3AIUS CHHTE3a HETPaUTU3UPYEMBIX YTIEPOJIOB CIOCO0-
CTBYET YBEIMYCHHUIO KyJTOHOBCKOW 3¢ (eKTUBHOCTH 110 89 % C yAenbHON €MKOCTBIO
10 330 MAY/T B HATpU-MOHHOM TOJTysSTUeHKE U C yACIbHOM eMKOCThIO 10 480 MAY/T
B JINTUM-UOHHOU NOJTySYEHKE.

MexaHu3M BHEJIPEHUSI MOHOB HAaTPUsl B CTPYKTYpPY HerpapuTUaupyeMmoro yrie-
posa ObLI MCCIIeIOBAaH C TIOMOIIBIO JIMHEHHON BoJibTamMmiiepoMeTpu, in operando KP-
CHEKTpocKonuH, iN operando mopomkoBoi Audpakmum, eX Situ mpocBedHBaroIIcH
JIEKTPOHHOW MHKPOCKOIHHU M €X SitU MaJoyrioBOro paccessHus PeHTICHOBCKHX JIy-
yeil. KoMOuHaIMsl JaHHBIX METOJIOB IMO3BOJIMJIA YCTAHOBUTH B3aMMOCBS3b MEXKIY
AIEKTPOXUMUYECKUMHU XapaKTEPUCTUKAMU U (PU3MUECKUMU TlapaMeTpaMu Herpadu-
TU3UpyeMoro yriepoaa. [IpeanoxkeHa Mozelb 3amacaHusl SHEPTUH B HerpapuTuzu-
pyemoM yriepoje. Tak, nmepBasi ctaausi Mpoiecca YCIOBHO MOXKET OBITh pa3jiefieHa
Ha TTOBEPXHOCTHO-KOHTPOJIUPYEMBIE MPOIIECCHI, B KOTOPHIE MOXKET BXOJHUThH aAcopO-
1M Ha nedekTax B rpad)eHONOI00HBIX CIIOSX, U BHYTPEHHHUE: TIOMUMO aJICOPOIIMH Ha
HaKJIOHHOM YYacCTKE OCYIIECTBJISIETCSI MHTEPKAJISIMA UOHOB HATpUsl B Haubosiee J10-
CTYIIHBIC YYaCTKH MEX]Y CI0sIMU B TpaduronomnobHoi ymakoBke. Ha ydactke miaTto
WHTEPKAJISIUs CTAaHOBUTCS DHEPreTuuecku Oojiee 3aTpyAHEHHON (BEpOSTHO, U3-3a
YMEHBIICHUSI KOHIIGHTPAIIMU JOCTYIHBIX TMO3UIMI) U MOXET OBITh COMpPSDKEHA C
BHEJIPEHUEM MOHOB HATPHUS B MUKPOIIOPHI MaTepHalia.

*Paboma ewvinonnena npu ¢hunancosou noooepiicke Poccuiickoeo HayuHo2o

@onoa (npoexm Ne 17-73-30006-71).
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3. Structural analysis of sucrose-derived hard carbon and correlation with
the electrochemical properties for lithium, sodium, and potassium insertion / K. Ku-
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NON-GRAPHITIZABLE CARBON MATERIALS AS ANODES FOR
METAL-ION BATTERIES —- THE SYNTHESIS AND THE CHARGE
STORAGE MECHANISM

ABSTRACT
Non-graphitizable carbon materials (hard carbon) are promising anode materials
for metal-ion batteries. Hard carbons were synthesized from glucose and character-
ized by means of various techniques. It was shown the influence of synthesis condi-
tions on the electrochemical characteristics of the material. A charge storage mecha-

nism was investigated.

Keywords: sodium-ion batteries; non-graphitizable carbon; hard carbon.
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AHHOTAIIUA

B pabote mpuBeneHbl pe3yiabTaThl UCCICIOBAHUS CEHCOPHBIX XapaKTEPUCTHK

JuTst 00pasiloB Ha OCHOBE IJICHOK OJHOCIIOMHBIX yriiepoaHbix HaHOTpyOok (OYHT)

npu ux o0paboTke a30THOU 1a3moil. [lokazaHo, yTo MpU yBEeIWYEHUH J03bI 00pa-

6ot1ku miazmoit meHok OYHT, ceHcopHBIii OTKIIMK MO OTHOIICHUIO KaK K aHAIUTaM-

AKICIITOpaM, TaK M aHAJIUTaM-IJOHOPaM 3JICKTPOHOB 3HAYHUTCIIBHO YBCIIMYHMBACTCAH,

4dTO CBs3aHO YBCIIMYCHUCM KOJIMYCCTBA I[C(l)CKTOB Ha IOBEPXHOCTHU YIIJICPOIHBIX

HaHOTPYOOK.

KiaroueBble cjioBa: CCHCOP, CCHCOPHBIC XapPaKTCPUCTHUKH,; Ta30aHAIIUTHUICCKAA

cucrteMa; anamut; OYHT.

Beegenne B OYHT pgedektoB, TEpMHUHUPOBAHHBIX Pa3IMYHBIMH aTOMaMH,

MPUBOJINUT K U3MEHEHHUIO JJICKTPOHHBIX CBOWCTB HAHOTPYOOK, a TAKKE€ MOXKET CyIIIe-

CTBEHHO BJIMATH Ha crenududeckyro agcopoumio anamutoB [1 — 3]. Tem He Menee,

CUJIBHOE CBSI3bIBAHME AHAJIMTA C MOBEPXHOCTHBIMU (PYHKUIMOHAIBHBIMU TPYIIIAMH,

oOpasyromuMucs pu o0paboOTKe TUIa3MOM, MOXKET OKa3bIBaTh BIMSHHUE HA TaKyIO
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mailto:alesya.osipova@skoltech.ru

CEHCOPHYIO XapaKTEePUCTUKY, Kak 00paTUMOCTh, IPU BEPOSTHOM YBEITUUECHUU CENEK-
TUBHOCTH M YyBCTBUTEIBHOCTH [3]. B maHHO# paboTe MBI CHCTEMAaTHUECKH HCCIIEI0-
Baiu 3(@eKT 10361 00pabOTKM a30THOM IIA3MOWM Ha CEHCOpPHBIE XapaKTEPUCTHKU
mwieHok OYHT.

B pesynbraTe npoBeaeHHON pabOThl ObUIM U3TOTOBJIEHBI CEHCOPHBIE OOpa3Iibl
Ha ocHoBe OYHT, 00paboTaHHbIC P MOCTOSHHONW MOITHOCTH a30THOM u1a3moit (50
Bt) B untepsane Bpemenu ot 1 1o 19 mun (Diener Electronic PiICO SL Low Pressure
Plasma System, 100 xI'u, 0.3 m6ap). CeHCOpHBIN OTKIUK TMOJTYYEHHBIX 00pa30B HC-
clieIoBalicss B aTMocdepe a3oTa ¢ Jo0aBKol amMmmuaka win okcuza azota (V) B xon-
nenTpanuu ot 10 mo 50 ppm. Cencopsl 3akperusuid B kamepe Linkam THMS600
Stage, B koTopyro nmojpaBaics motok (50 mi/MuH) a3oTta, ¥ a30Ta ¢ 100aBKOW aHAJIUTA
¢ unTepBasiamMu 20 muH. L{uki noeropsnu B Teuenue 20 pas, s ONpEACIICHUs CTa-
OunpHOCTH 00pabOTaHHOIO ceHcopa. B kKayecTBe aHATUTHUUECKOIO CUTHAJA UCIOJb-
3oBasioch comnportusicHue (Keysight 34972A LXI Data Acquisition/Switch, 34901A
20-channel Armature Multiplexer).

Pe3ynbTaThl moKa3bpIBalOT, YTO C YBEJIMYEHHUEM BPEMEHU OOpaOOTKH IJIa3MOM
yBenMuuBaeTcs conpoTtusiieHne ieHok OYHT, 4uTo cBsA3aHO Kak ¢ yBEIIMUYEHHEM KO-
JMYECTBA LIEHTPOB paccesHus (AePEeKTOB), TaK U C TPABJIECHUEM YTJIEPOJHBIX HAHO-
TpyOOK, T.e. ymeHblieHueM ToiuHbl 1ieHku OYHT. Ilpu mosBrenun ananuTa,
Hanpumep, okcuaa azora (1V), 3aMeTHO yMeHbIIIeHHe ConpoTHBIIeHUs (puc. 1, a), B
TO BpeMsl KaK JJIi aMMHaKa — 3aBUCUMOCTb HOCUT oOpaTHbIN xapakrep. CTOUT oTMe-
TUTb, YTO TMPHU MEPBOM IMKJIE HAOIIOJAETCS MaKCUMAJIbHBI CEHCOPHBIA OKJIMK; Ha
npoTsbkeHnu nepBbiX 10 — 12 nukioB HaOmonaeTcs CyIIECTBEHHBIA Aperd, mpu

9TOM 3HAUYCHHUC CCHCOPHOTO OTKIIMKA CHHUIKACTCA C IMMUKJIOM HAITyCKa aHAJINTa (pI/IC 1,

5).
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Puc. 1. Cencopusbiit otknuk miaeHok OYHT, o6paboTaHHBIX B a30THOM TU1azMe
IIpU Pa3auYHOM BpeMeHHU. (a) TpaH3UEHT CONMPOTUBIICEHUS OT BPEMEHU MPHU SKCIIOHU-
poBanuu cencopa k NO,, 50 ppm, B cmecu ¢ a30ToMm (0003HaUEHUS TPEICTaBICHBI Ha
puc. 1, 6). (6) 3smMeHeHne CEHCOPHOTO OTKJIMKA I KaKI0TO U3 00paboTaHHBIX 00-
pasuoB Ha kaxaoMm u3 20 nukinoB mis NO, (cunuit) u NH3 (kpacHblil) aHamUTOB, B

KoHIeHTpauu 50 ppm, B CMECH C a30TOM.

[TokazaHo, yto mpu OOJbIIEM BpEeMEHU OOpaOOTKH MJIa3MON, CEHCOPHBIA OT-
KUK (Rai/Rgas — 1 111 NOy, Ryas/Rair — 1 s NH3) 3HaunTensHO yBenuuuBaercs, B
TOE BpeMs KaK CTaOMJIBHOCTh M3rOTOBJIEHHOTO ceHcopa Ha ocHoBe OYHT nosblmna-
eTcsi. DTO CBS3aHO C OOJBIITMM KOJUYECTBOM 00pPA30BABIIMXCS BaKaHCHI Ha MOBEPX-
HocTu. JInms oOpasmoB ¢ MakCMMajabHOM CTENeHblo 00padoTku (19 MuH) HabmOMa-
Juch HanmboJbiue oTKIMKU ceHcopa kak s NO,, tak u qyist NH3z, 50 ppm B cmecu ¢
a30ToM, B TUIOTH 70 3HaueHu# 121 % u 36 % coorBercTBeHHO. [lomyUueHHbIE pe3yIib-
TaThl TTOKA3bIBAIOT BO3MOYKHOCTh CO3J[aHUSl YHUBEPCAIBHBIX U BBICOKOYYBCTBUTEb-

HBIX CEHCOPOB Ha OCHOBE YIJIEPOJAHBIX HAHOTPYOOK.
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& L. Zajickova // IEEE Sensors Journal, 2017, Vol. 17, no. 7, pp. 1964-1970.

2. Effect of Plasma Treatment on the Gas Sensor with Single-Walled Car-
bon Nanotube Paste / K.Y. Dong, D.J. Ham, ... & B.K. Ju // Talanta, 2012, Vol. 89,
pp. 33-37.

3. Multivariable Sensors for Ubiquitous Monitoring of Gases in the Era of

Internet of Things and Industrial Internet / R.A. Potyrailo // Chemical Reviews, 2016,
Vol. 116, no. 19, pp. 11877-11923.

PLASMA-MODIFIED SINGLE-WALLED CARBON NANOTUBES
AS ANEW MATERIAL FOR GAS SENSORS

ABSTRACT

The sensor performance for samples based on single-walled carbon nanotubes
(SWCNTys) films treated with nitrogen plasma are presented. It is shown that with an
increase both in power and treatment time of plasma, the SWCNT sensor response to
acceptor analytes and electron donor analytes significantly increases, which is associ-
ated with an increase in the number of defects on the surface of carbon nanotubes.

Keywords: sensor; sensor characteristics; gas analytic system; analyte;
SWCNT.
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AHHOTALUSA

Ha ocnoBannn nanueix UK- u KP-criektpockonuu npoBeneHa OLEHKa XapaKTe-
PUCTHK HaHOTPA(QHUTOB, MOJYYEHHBIX METOJOM 3JIEKTPOXUMHUECKON 3Kchoaranuu
MIPU Pa3InYHBIX yciioBUAX. OOHapyXeHO, YTO C pOCTOM TeMIepaTypbl Impolecca 3a-
METHO YBEJIMUYMBAETCS KOJIMYECTBO I'pa)€HOBBIX CIOEB B (POPMUPYIOUIUXCS YEIIyH-
Kax HaHorpaguTta, Ipu 3TOM HUX Je(pEeKTHOCTh najaaer. [IoBblllIeHHE KOHLIEHTpALUU
HIEJIOYHOTO 3JIEKTPOJUTa CHOCOOCTBYET (HOPMHUPOBAHHUIO KHUCIOPOACOAEPIKALIUX
TPyII Ha TTOBEPXHOCTH HaHOTpaduTa M CTaOMIM3alMK MaJOCIOWHBIX (PPAarMEeHTOB.
Takke yCTaHOBJIEHO, YTO MPHU MCMOJIB30BAHMM B KAayeCTBE HMCXOAHOrO MaTepuaa
¢doaeru rpadiiekc obpasyercss IPOAYKT ¢ MEHBIITUM KOJUYECTBOM CTPYKTYPHO Ile-
JIOCTHBIX CJIOEB, YEM U3 OTXOJIOB TPOJICHOYCHBIX TPaMTOBBIX KOHTAKTHBIX BCTaBOK.

KiroueBble cioBa: HaHorpadur; 3JaeKTpoXHUMHUYEcKash SKCoiuanus; CTpyK-
TypHBIE XapaKTEPUCTUKU

Hanorpadgutsl npeactapisitor coO0i LENylo IpyIny MaTepHalioB C pa3InYHbIMU
(U3NKO-XUMHUECKUMH XapaKTePUCTUKAMU, 3aBUCSIIUMH OT YCIOBUN UX mojydeHwus [1,

2]. MeTtoa 371eKTpOXUMUYECKO# SKchoraiyu rpaguToOB SIBISCTCS JOBOJBHO MPOHU3BO-
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JTUTENHHBIM M TIO3BOJISIET TTOJIYYaTh MPOIYKTHI, Pa3IHYAIOIIMECs M0 KOJINYEeCTBY rpade-
HOBBIX CJIOEB, COCTaBY MOBEPXHOCTHBIX (DYHKIIMOHATLHBIX TPYIII B CTETICHU AePEKTHO-
ctu [3].

[lenpr0 HACTOSIIEr0 UCCAEAOBAHUS SIBUIOCH MCCIENOBAHUE CTPYKTYPHBIX Xapak-
TEPUCTUK 00pa3I0B HAHOMATEPHUAJIOB, MOJYYEHHBIX MPHU DJIEKTPOXUMHUYECKOU IKCPO-
JUanuu rpaduToB B MIETOYHOM DJICKTPOJIUTE MPHU PA3IIMYHBIX YCIOBUSIX.

[Ipouecc ocymectBisuica B 0.5 u 1.0 M B pactBopax KOH npu temneparypax
50 u 70 °C B JIBYX3JIEKTPOJAHOM siuerKe. JJIMTEIIbHOCTh KATOJIHBIX U AHOJHBIX UM-
My/IbCOB COCTABIsUIA | ¢, IIOTHOCTH TOKA MOANEpKUBaTach Ha yposHe 0,1 A/cm®. B
KaueCcTBE MCXOAHBIX MaTE€pUANIOB MCMHOJIb30BAHbI (posbra rpadaekc U OTXOIbl TPOJI-
NeNOyCHBIX TPadUTOBBIX KOHTAKTHBIX BCTABOK (MMEHYEMbI€ 37eCh TpPOJUIeHOyCH-
TOM).

[TosyueHHy0 mOCIIE ANEKTPOXUMUYECKOTO MpoLecca CYCIEH3UI0 HEHTPUPyru-
pOBalK, 0CaJOK MHOTOKPATHO MPOMBIBAJIN JUCTUIUIMPOBAHHON BOJIOH, ISl yIaJIEHUS
OCTaTKOB 3JIeKTposnTa 10 pH = 7, a 3arem noasepraiu yabTpa3ByKoBoi 00paboOTKe B
TEYEHHUE 8§ YacOB M CYIIWIM B BAKyYyMHOM CYIIMJIBHOM IKady B Te4eHHE 24 4acoB
npu Temnepatype 40 °C.

Ha puc. 1 npeacraBnensr UK-crieKTpbl UCXOHBIX MAaT€pUAIOB U MOJIYUYEHHBIX
06pasioB HaHorpaduros. Hammune muka mpu 1558 cm™ ykasbiBaeT Ha 0Opa3oBaHue
rpadeHoBoro Marepuana. Ha crekrpax 06pasnos 1.0M mpucyreryer mpu 1715 em™,
oOycnoBneHHbIi HanmmureM cBsizeit C = O U yKas3bIBaOMINN Ha OPMUPOBAHUE B ITUX

YCIIOBUAX Kap6OKCI/IJ'IBHBIX N KCTOHHLIX I'PYIIIL.
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Puc. 1. IK-crieKTpbl 3KCIIEpUMEHTaIbHBIX 00pa3noB HaHorpaduroB u 0.5M50
(1), 0.1IM50 (2), 1.0M50 (3), 0.5M70 (4), 1.0M70 (5) u tposieiidycura (6). B
HAaMMEHOBAaHUU O0pa3L0B OTPaXEHbl KOHIIEHTPALUsS HMCIOJb30BAaHHOTO IIEJIOYHOIO

AJIEKTPOJINTA U TeMIIepaTypa Ipoliecca.

[To nanabiM MK-CIEKTPOCKONIUM MOXKHO CIENaTh BBIBOJ O TOM, YTO HMCHOJIb30-
BaHUE DJIEKTPOJIUTA OOJBIIEH KOHIEHTPAIMH CIIOCOOCTBYET 00pa3oBaHUIO HAHOTpa-
(¢UTOB ¢ OOJBIINM COJIEP)KAHUEM KapOOKCWIIBHBIX Tpyni. Vcnonab30BaHue 3J€KTpO-
JUTa CPEeIHEN KOHIEHTPALMHU NPUBOJUT K 00pa30BaHUIO 00Jee CTPYKTYPHO YIOpS-
nodeHHoro Marepuana ¢ OH-rpynmnamuy.

B nesnoM 3ameTHO, YTO U3MEHEHUE TEMITEPATyphbl HE TPUBOAUT K 3HAYUTEIbHBIM
M3MEHEHHUSM XMMHUYECKOIO COCTaBa MOBEPXHOCTH OOpPa3yIOIIMXCS HaHOTPadUTOB.
['opa3no Oosbliiee BAMSHUE Ha XapaKTEPUCTHKH MPOIYKTOB OKAa3bIBA€T KOHIIEHTpa-
1Ms UCTIOIb3YEMOTO AJIEKTPOJIUTA, IPU €€ YBEITUYEHUU 00pazyeTcsi MEHEe CTPYKTY-
PUPOBaHHBINA MaTepuai ¢ GOJBIINM KOJUYECTBOM KHCIOPOACOAEPKALINX TPYIIL.

PesynbraTel 00padoTku KP-ciekTpoB 3kcnepruMeHTaNIbHbIX 00pa3loB HAaHOTpa-

(GbuUTOB TIpeICcTaBICHBI B Ta0I. 1.
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Ta6n. 1. Nannsie KP-cekTpockonuu oOpas3oB, MOJYYEHHBIX METOJOM 3JIEK-

TPOXUMHUUECKOHN IKCHOINAIUY.

1 CoorHomenne

Oo6pa3ery Honowerte mkos, ex WHTEHCUBHOCTEH TTUKOB

D G D 2D D/G 2DIG

1.0-50 1355 | 1574 | 1601 | 2704 0.57 0.19
0.5-70 1340 | 1569 | 1605 | 2676 1.01 0.07
1.0-70 1352 | 1569 | 1597 | 2697 0.24 0.26
['padnexc 1355 | 1582 | 1623 | 2694 0.19 0.24
Tpomneidycur | 1350 | 1577 | 1605 | 2651 0.87 0.11

[Tonoxxenne nuka G Ha cnekrpax KP 3aBucur ot toro, npu kakoil Temmneparype
ObU1 moayyeH oOpaszen HaHorpadurta. IIpu moBbIIEHHMH TemmepaTypbl 00Opa3yercs
MaTepuai ¢ 60IBIINM KOJIHMUECTBOM TpadeHOBBIX ciioeB. KpoMe Toro, poct Temiepa-
TYpBI CIIOCOOCTBYET CHIDKCHHUIO cOOTHolIeHHss D/G, uro ykas3piBaeT Ha MOJydeHHE
MeHee Je()eKTHOro MaTepurarna.

Taxke nmpu M3MEHEHWH KOHUEHTpauuu npu 70 °Cc o0pa3yloTcs maTepuaisl C
pa3nuyHbIM nosiokenrneM Ha KP-cniektpax mukos D, D™ u 2D.

[TponykT, momydeHHbI rpaduekca, XapakTepu3yeTcsi MEHBIIUM KOJMYEeCTBOM
ropaszzo 6osee CTpyKTypUPOBAHHBIX CJIOEB, YTO MOATBEPHKAACTCA KaK CABUTAMU IHU-
KOB, TaK U COOTHOIIICHUSIMU UX UHTEHCUBHOCTEN. 13 Tposeiibycura BBUy 0COOEH-
HOCTEW €ro XUMHUYECKOTO COCTaBa U CTPYKTYpPhI 00pa3yeTcs MPOAYKT ¢ HAUOOIBIINM

KOJIMYECTBOM JIe(PEKTOB.

Cnucok aureparypsl
1. Nanographites, their compounds, and film structures / A.M. Ziatdinov //
Russian Chemical Bulletin, International Edition, 2015, Vol. 64, no.1, pp.1-14.
2. Nanographite Films: Structure and Properties / Yu.M. Nikolenko, A.M.
Ziatdinov // Solid State Phenomena, 2016, Vol. 247, pp.17-23.
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3. Adsorption characteristics of nanographite oxide obtained from thermal-
ly expanded graphite / E.Yu. Obraztsova, M.N. Barshutina, E.S. Bakunin, A.V.
Rukhov, A.A. Shipovskaya, A.V. Shuklinov // Ceramics International, 2021, Vol. 30,
Is. 2, pp.174-176.

STUDY OF CHARACTERISTICS OF NANOPRODUCTS OF
ELECTROCHEMICAL EXFOLIATION OF GRAPHITE MATERIALS

ABSTRACT

Based on the data of IR and Raman spectroscopy, the characteristics of
nanographites obtained by electrochemical exfoliation under various conditions have
been evaluated. It was found that with an increase in the process temperature, the
number of graphene layers in the forming nanographite flakes noticeably increases,
while their defectiveness decreases. An increase in the concentration of an alkaline
electrolyte promotes the formation of oxygen-containing groups on the surface of
nanographite and the stabilization of low-layer fragments. It was also found that
when using graflex foil as a starting material, a product is formed with a smaller
number of structurally integral layers than from waste of trolleybus graphite contact
inserts.

Keywords: nanographite; electrochemical exfoliation; structural characteristics.
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AHHOTAIIUA

Ha ocHOBe opraHmyeckol MOJEIBHOW COMNPSKEHHOW MOJWAMHUIAHOW MaTPHLIbI

YCTaHOBJICHA TCHACHIHWA CYIICCTBCHHOI'O BJIMAHUS IMPOLOCHTHOIO COACPKAHHA CCH-

cubmimzaTtopa (pysiepeHa) Ha MOBEpXHOCTHBIE CBOMCTBA. [IpuBeneH anamus skcme-

PUMEHTOB I10 U3MEPEHUIO YTila HAKJIOHA MOJIEKYJ BOJbI HA IIOBEPXHOCTU CTPYKTYPH-

POBAHHOTO ITOJIMMCEpPA, IMPCAIOKCHO HCII0JIb30BAHUC YCTaHOBHeHHOﬁ TCHACHIIMHN IJIA

OPUCHTHUPOBAHUA MOJICKYJI JKUAKOI'O KPHUCTAJUIAa U B KAYCCTBC JOIIOJIHUTCIBHOTO MC-

XaHU3Ma OrpaHUYCHUA OIITUYCCKOIO U3JTyYCHUS.

KiroueBble cj10Ba: OpraHMYeCKuil MaTEpHa; MOJTHUUMU; QYJUICPEH.
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N3BectHO, uTo dymiepersr Cgy 1 C7o MMPOKO UCTIONB3YIOTCS JJIsl CEHCUOMITH3a-
UK (IOTUPOBAHMS) CONMPSHKEHHBIX OPTAaHMYECKUX MaTepHaliOB, BKIIIOYAS KUIKUC
KPUCTAJIbl. Y HUKAJIbHbIE CBOMCTBA (DYJIIEPEHOB CBSA3aHBI C MX CUCTEMOMN PHEpPreTH-
YECKUX YPOBHEH, pa3BETBIEHHON MOBEPXHOCTHIO, OOJIBIITMM CPOJICTBOM K JIEKTPOHY
M CTIOCOOHOCTBIO 3aXBaThIBaTh HE OJMH (KaK MPH 6HYMPUMOJICKYIISIPHOM B3aHMOJICH-
CTBUH), & 6 3JCKTPOHOB, POPMHUPYS MEKMOICKYISIPHBIE KOMIUIEKCH C TIEPEHOCOM
sapsiga [1 — 4]. OgHako, (yJiepeHsl 3a CYET CBOETo KapKaca CIIOCOOHBI CYIIECTBEH-
HO U3MEHSTH MOBEPXHOCTh CECHCHOMIM3UPOBAHHOTO UMU MaTepuaia [5].

B nannoit pabote oOcyxknaercst HaOmM01aeMasi TEHICHIIUS U3MEHEHUS TTOBEpPX-
HOCTHBIX CBOWCTB COTIPSDKCHHOTO OPraHMYECKOTO Marepuaia Ha TpUMEpe MOJIUH-
MUJTHOM MaTpUIlbl IPU BapbHUpOBaHUU KOHIeHTparuu Qysuiepena C;o B 00bEMeE cpe-

[IpuBeneHbI KapTHUHBI YBEIMYCHHS yIJa HAKJIOHA MOJCKYJ BOABI Ha TaKUX
CTPYKTYPUPOBAHHBIX IMOBEPXHOCTSIX MpU H3MEHEeHHH cojaepxkanus ¢ymiepeHa Cog
BHYTpH 00BbEMa MaTpuilbl oT 0 10 2 Macc. %. BapuaHT Bnusinus kapkaca QyjaepeHoB
Ha OPUEHTAIMOHHYIO CIIOCOOHOCTH KHJAKOKPUCTALIUYCCKAX MOJIEKYJ IMOKa3aH Ha

puc. 1.

fo:”‘uf'“‘ N

Oiilii#l

I'.
Puc. 1. BO3MOXHBII BapUaHT OPUEHTHUPOBAHUS KUIKOKPUCTATIIMYECKUX MOJIe-

KYJI Ha CTPYKTYPUPOBaHHOM TOBEPXHOCTH OPTraHUYECKOr0 MaTepurala.

B 3akmiouenue, cienaH NporHo3 Mo MCHOJb30BaHUIO YCTAHOBIEHHOTO 3¢ deKTa
HE TOJBKO B Ka4€CTBE CIIOCO0A OPUEHTAIIMU MOJIEKYJI )KUIKOTO KpPUCTAlIa, HO U KakK
OJINH U3 MEXaHU3MOB OTPaHUYCHUS ONTUYECKOTO U3TYUEHHUsI, YTO BXKHO TPH 3aIUTE
IJ1a3 Y€JIOBEKa U OMTORJIEKTPOHHBIX JIATYMKOB MPHU BO3JECHCTBUU U3TYyUYCHUS C BBICO-

KOM TIOTHOCTBIO SHEPTUU.

69



Cnmcoxk Jurepatypsl

1. Concentration and wavelength dependence of the effective third-order
susceptibility and optical limiting of C60 in toluene solution / S.Couris,
E.Koudoumas, A.A.Ruth, S. Leach // J. Phys. B: At. Mol. Opt. Phys., 1995, vol.8,
pp. 4537-4554.

2. Photoinduced electron transfer processes of Cg-doped poly(N-
vinylcarbazole) films as revealed by picosecond laser photolysis / A.ltaya, |.Sizzuki,
Y.Tsuboi, H.Miyasaaka // J. Phys. Chem. B, 1997, n0.101(26), pp. 5118-5123.

3. Photovoltaic properties of conjugated polymer/methanofullerene compo-
sites embedded in a polystyrene matrix / C. J. Brabec, F. Padinger, N. S. Sariciftci, J.
C. Hummelen // Journal of Applied Physics, 1999, vol. 85(9), pp. 6866-6872.

4, Polyimide-fullerene nanostructured materials for nonlinear optics and so-
lar energy applications / N.V. Kamanina, S.V. Serov, N.A. Shurpo, S.V. Likhomano-
va, D.N. Timonin, P.V. Kuzhakov, N.N. Rozhkova, L.V. Kityk, K.J. Plucinski, D.P.
Uskokovic // J Mater Sci: Mater Electron, 2012, no. 23(8), pp. 1538-1542.

5. Nanoparticles doping influence on the organics surface relief / Natalia V.
Kamanina // Journal of Molecular Liquids, 2019, vol. 283, pp. 65-68.

INFLUENCE OF THE SENSITIZATION PROCESS OF ORGANIC
CONJUGATED MATERIALS ON THE SURFACE RELIEF

ABSTRACT
Based on an organic model conjugate polyimide matrix, the tendency of a sig-
nificant influence of the percentage of the sensibilizer (fullerene) on the surface prop-
erties is established. The analysis of experiments of the water molecules wetting an-
gle measuring on the surface of a structured polymer is presented; the use of the es-
tablished trend for the liquid crystal molecules orienting and as an additional mecha-
nism for the optical radiation limiting is proposed.

Keywords: organic materials; polyimide; fullerene.

70



®YHKIIMOHAJIbHBI KOMIIO3UT HA OCHOBE
MHOI'OCTEHHBIX YIVIEPOAHBIX HAHOTPYBOK
N BYTAAJMEH-CTUPOJIBHOI'O JIATEKCA

babaes Apugh A3umosuu™

0.¢h.-m.H., npogh., 3asedyrowuti 1abopamopuetl
HOUI] UD PAH

Poccus, o. Maxaukana

300606 Mapam Eezenveeuu

K.Qh.-M.H., C.H.C.,

HOUI] UD PAH

Poccus, o. Maxaukana

Caaoyeea Acuam Omapoena
acnupaum

HOUI] UD PAH

Poccus, o. Maxaukana

Tkauee Anexcen I'puzopvesuy
0.m.H., npogheccop, 3asedyiowull Kagheopoi
QOI'bOY BOTITY

Poccus, 2. Tambos

Tepykoe Eecenui Heanoguu

0.m.H., npogeccop

DOI'FYH OTHU um. A.®. Hoggpe,
Poccus, o. Cankm-Ilemepbype
*Aemop-koppecnoHoenm (Y4acmHux):
E-mail: babaev-arif@mail.ru

Arif Babaev*

PhD in Physics, Senior Researcher,
Dagestan Federal Research Center RAS,
Makhachkala, Russia

Marat Zobov

Ph.D. senior scientist,

Dagestan Federal Research Center RAS,
Makhachkala, Russia

Saadueva Asiyat Omarovna

graduate student

Dagestan Federal Research Center RAS,
Makhachkala, Russia

Alexey Tkachev

PhyD Tech, Full Professor,

Tambov State Technical University
Tambov, Russia

Evgeny Terukov

Doctor of Technical Sciences, Professor
loffe Physico-Technical Institute of the RAS,
St. Petersburg, Russia

*Corresponding (participant) author:
E-mail: babaev-arif@mail.ru

AHHOTAIUA

[IpuBeneHbl pe3yabTaThl HCCeAOBaHUS MOPGOJOTUUA MOBEPXHOCTH, DIEKTPO-
MIPOBOTHOCTH, TMOTJIOIICHUS U OTPa)KCHHsI CBEPXBbICOKOTo yactoTHoro (CBY) usimy-
YEHHS TTOJIMMEPHOr0 KOMITO3UTA ¢ KOHUEHTparuend 10 90 % MHOrOCTEHHBIX yriie-
poaubix HaHOTPYOOK (MCYHT). BhisiBiIeHBI aHOMAHSI TIOBEACHUS 3JICKTPOIIPOBO/I-
HOCTH KoMmro3uTta npu koHreHTpannn MCYHT 43 — 52 % B monumepe OyTraaueH-
CTHUPOJILHOM JIaTE€KCE, KOTOpasi KoppeaupyeT ¢ Mopdosiorueil moBEpXHOCTH, TOTII0-
meHueM 1 orpaxkenrnemM CBY uznydeHus: KOMIO3UTHBIX cioeB. [Ipensiosxkena Moiens,
0OBSICHSIIOIIAs TTOJTYYEHHBIE PE3YIIbTaThl UCCIEOBAHUSI.

KiaroueBble cj10Ba: KOMIIO3UTHI; MHOTOCTEHHBIE YTIIEPOIHBIE HAHOTPYOOKHU;

3JIEKTPOTIPOBOTHOCTb.
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Bricokum ko3 pumreHToM moTIomennsi MUKPOBOTHOBOTO MU3ITyYECHHSI B IITHPO-
KOM JIMara30He 4acTOT XapaKTepU3yeTcs MakpocKomuueckuii rpadut. EcrecTBeHHO
O’KUJIaTh HAJIMYUS 3TOTO KauecTBa U y yriaepoaHbIX HAHOTPYOOoK. K 06mumM TpedoBa-
HHSIM OTHOCSITCA BBICOKAsi CMaUMBAE€MOCTh ITOJIMMEPHBIM MATEPUATIOM, XUMHUYECKAs U
TEpPMHUYECKasA CTOMKOCTbh, XOPOIIAsl JUCIIEPTUPYEMOCTh B MOJIUMEPE, HETOKCUYHOCTD.
ABTophI [1] paccmaTpuBaiii IPOOIEMBbI UCCIEAOBAHUS DJIEKTPOPUIUUECKUX XapaK-
TepucTuK Oosiee 250 KOMIIO3UTHBIX MaTEPHUAIOB, MOJYYEHHBIX B pPe3yibTaTe 100aB-
JICHUSI B TIOJIMMEPHYIO MATPUILy YIIEPOJHBIX HAHOTPYOOK B ocHOBHOM OT 0,01 mo =
20 %. Mexanu3m TpaHncnopta 37eKkTpoHoB Mexay YHT ¢ paznudHoil XupaabHOCTHIO
HcclieIoBalii aBTOphI [2]. BriepBrie ncciieoBaiv eKTpoPrU3NIecKre CBOMCTRA [5],
noa nasinenuem 9 ['Tla B mporecce KoMIIpeccuu U JeKoMIipeccu, [6], Teroduznye-
CKHE CBOMCTBA MOJIMMEPHOTO KOMIIO3UTA C OONBIIMM COJAEPKAHHUEM MHOTOCTEHHBIX
yraepoaubix HaHoTpyook (MCYHT) 95 %, rie B kauecTBe mojimMepa UCIOJIb30BaICS
dToporutactoBblit ak 5 % [3, 4]. O6napyxennsie pu 300 < T < 450 K anomanuu
OTBETCTBEHHBI 3a CTPYKTYpHBIE (ha30BbI€ MEPEXOAbI MEPBOrO PoJa. DIeKTpodhunye-
CKH€, TeII0(PU3NYECKUe CBOWCTBA, PJACTUYHOCTD, YIPYTOCTh BXKHBI MIPU CO3aHUU
KOMITO3UTOB JIJIs1 PaIMO3AIIATHBIX MOKPBITUH.

JIns co3ganus KOMIO3UTHBIX MaTEPUAJIOB, COJAEPKAIIUX HAHOPA3MEPHBIE yIJie-
poJiHbIE 00pa30BaHMs, IPEICTABIACTCA 11€JIeCO00PA3HBIM UCTIOIB30BAHUE HETOPOTHX
MaTepUaJiOB, IOCTYMHBIX U BBOJAUMBIX B OOJIBIIUX KOJIMUeCTBax B nojumep. K takum
MarepuaiaM MOXKHO OTHECTH MHOTOCTEHHbIE yriepoansie HaHoTpyOku (MCYHT) —
Tayuur-M u OyTaaueH-CTUPOJBHBIM JIATEKC, KOTOPBIA SBISETCA XEMO-TEPMO-
paganoHHO cToMKUM nosumepoM. Hepes 2000 cexyHT KUIKUNA TOJTUMEpP CTAHOBUT-
cs TBepAbIM. Jljisi momyyeHus: komrno3urta ucnosib3oBanbl MCYHT ¢ nuamerpom oT
10 no 30 HM U gIUHOM 2 MKM, TOJIIMHA ciios komno3uta 200 mxm. {1 ucciegoBa-
HUS TTIOBEPXHOCTH ObUIM CO3JIaHBI IBE CEPUHM KOMITO3UTOB B KOTOPHIX KOHIICHTPAITUS
MCVYHT wmensnace ot 8 % 10 35 % mo macce B xuakoit daze. Ha puc. 1 npuBeneHs
¢doTorpaduu nmoBepxHOCTENH 0OPA3IOB BHICYIIEHHBIX KOMIIO3UTOB C Pa3IMYHBIM CO-
nepxanneM MCYHT B macc %. UeTko BUAHO MOSIBICHHE CUIBLHO HEOJIHOPOIHOTO

penseda BOM3U KoHIeHTpauu 15 — 20 % no macce B xxuakoit ¢ase.
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BEPXHOCTH BBICYIICHHBIX CIIOEB KOMIIO3UTa  HeoJgHOponaHocTU penbeda xommozuta MCYHT B
(pa3mep kagpa 8 X 6 MM, yKa3aHbl KOHIIEH-  TOJIUMEpE.

tpart MCYHT, macc. % B xuakoit dase).

ITo mepe yBennuenus koHueHTparuu MCYHT npocTpaHCTBO TOAWH MOCTENEH-
HO HAQYMHAET 3aIOJIHATHCS YIIEpOJHBIMU HAHOTPYOKaMH, TaKUM O0O0pa3oM, CpeIHUi
penbed craHoBUTCA Oosiee OTHOPOAHBIM. biarogaps B3aumoaercTBrio cuil Ban-nep-
Baanbca oOpa3yrorcs KiaacTepbl, B KOTOPBIX HAHOTPYOKH CIUMAIOTCS APYT C IPYTOM.
Kak Buano u3 puc. 1 u puc. 2, B uarepsaie 15 — 20 % moBepXHOCTH U3 TIAAKON mpe-
BpalllaeTCsl B CUJIBHO LIEPOXOBATYIO C XapaKTEPHBIM Pa3MEpPOM HEOTHOPOIHOCTEM
150 — 500 MM, cpeHsisi BeTMYMHA KOTOPBIX MEIJICHHO YMEHBIIAETCS C JalbHEHIIIM
poctom KoHueHTpaunu MCYHT.

Ha puc. 3 mpuBenén rpaduk KOHIEHTPAIIMOHHONW 3aBUCUMOCTH DJIEKTPOIIPOBO-
nuMocTy () oOpasIloB, U3BMEPEHHOM Ha MajoM MOCTOSHHOM Toke. KoHlleHTpauuu
3/1eCh 3aJ]aHbl B MAacCOBBIX TpolleHTax nmo TBEpmou (aze. Kpurnueckass koHIEeHTpa-
uust MCYHT, cooTBeTCTBOBaBIIAsE pe3KOMY M3MEHEHHUIO XapakTepa U3MEHEHHS I0-
BepxHoCTH, Tipu 15,4 — 20 % mo macce B ®uaKoM (asze, COOTBETCTBYET KOHIIEHTpA-
1 43 — 52 % mo macce B TBEpAOH (aze. 3menenue kounentparuu MCYHT B mo-
aumepe ot 40 — 43 % mMacc, TPUBOJUT K PE3KOMY YMEHBIIICHUIO TPOBOJIUMOCTH Ha 5
MOPSKOB 3a c4eT oopazoBanus kiactepoB MCYHT, npu aTom B 3a30pe MeXIy Kiia-
CT€paMu HAXOJIMTCS BBICOKOOMHBIM mosmmep. [Ipu nanpHenmeM pocre KOHIEHTpa-

nuu MCYHT npoucxonut 3anonHenue 3azopa MCYHT u 6 yBenuunBaercst Ha 5 — 6
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ITOPSIAKOB 10 HACBHIICHUS.
Ha puc. 4 npuBenensl 3HaueHHUs Kod(hdUIMEHTa OTPaKEHUS M MOTJIOLICHUS

CBY wu3znyuenus kommnosuta. OtmeruM, yTo mkana koHueHtpauuid MCYHT nepe-

CUHNTAHA B MAaCCOBBIC IIPOLCHTHI I10 TBép,ZI,OI?I (1)336.
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CHUMOCTb JIEKTPONPOBOJIHOCTU KoMIio3uTa mnorsiouienuss (1) wu  orpaxenus (2) CBY
Ha ocHoBe MCVYHT u nonumepa. u3nyyeHuss or KoHueHTpauun MCVYHT B

IMoJIUMEpC.

Kpussie Ha puc. 4 IMEIOT HE CUIIBHO BBIPAKEHHBIE, HO BCE K€ 3aMETHBIEC TOYKH
neperuda Kak 1o MOMIOMICHUIO, TaK U 1o oTpaxeHuto CBY u3inydeHus npu KOHIEH-
Tpauuu, OJM3KON K KPUTUUECKOM.

3aBUCHUMOCTH M KOPPEJSIIUU DJIEKTPOIIPOBOAHOCTH, MOTJIOMICHUS U OTPaKEHUS
CBY wuznyuyenusi, MopdoJIOTHH KOMIIO3UTHBIX CJIOEB OT KoHmeHTpauuu MCYHT
ITO3BOJISIET B LIMPOKUX NPEAENIAX YIPABIATh UX JJEKTPUUYECKUMH M PaIUOIIOTIIONa-

FOIIIMMHU CBOMCTBaMHU.

Cnucok aureparypsl
1. DJIEKTPUYECKHUE XAPAKTEPUCTUKHU MOJUMEPHBIX KOMIIO3UTOB, COAEpKa-
X yriepoausie HaHoTpyOku / A.B. Enenuii, A.A. Kawxknuk, b.B. Tlotrankud u
a.p.// YOH. 2015. T.85. Ne3. C. 225.
2. Improving the conductance of carbon nanotube networks through reso-
nant momentum exchange / R. Bell, M.C. Payne, A.A. Mostofi // Phys. Rev. 2014. B
89. P. 145426.
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3. Thermophysical and electrophysical properties of composite films based
on multi-layer graphene and modified hydrocarbon multi-wall nanotubes / A.A. Ba-
baev, A.M. Aliev, P.P Khokhlachev et al. // Grafene Sceince Handbook: Size-
Dependet Properties, Boca Raton, Florida, USA 2016. V5. P 505

4, TeMnepaTypHa;I 3aBUCHUMOCTDL YACJIBHOI'O COIIPOTHUBJICHUA IINICHOK KOM-
MO3UTa Ha OCHOBE YIJIEPOJAHBIX MHOTOCTEHHBIX HaHOTPYOOK. / A.A. baGaes, ILII.
XoxnaueB, E.W. Tepykos, FO.A. Hukonaes, A.b. ®peitnun, P.A. ®uwmnnos, A.K.
Oununmos // ®TT. 2015. T. 57. Ne2. C. 404 - 4009.

5. High-pressure resistance reversibility of polymer composites based on
multiwalled carbon nanotubes / T. R. Arslanov, A. A. Babaev, R. K. Arslanov. P. P.
Khokhlachev. E.I.Terukhov and A. K. Filippov // Applied Physics Letters 2014. 105,
203 103-1-4 2014,

6. TGHJIO(l)I/IBI/ILIeCKI/IG CBOMCTBa IMIOJIMMCPHOI'0O KOMIIO3HUTa Ha OCHOBC YIJIC-
POAHBIX MHOI'OCTCHHBIX HaHOTy60K, IMOJIYYCHHOI'O METOAOM JJICKTPOCIIMHHUHI'A / A.A.
babaes, A.M. Anues, E.U. Tepykos, A.K. ®unmunmnos // TBT, 2017. T. 55. Ne2. C.
513 - 517.

FUNCTIONAL COMPOSITE BASED ON CARBON NANOTUBES AND
STYRENE BUTADIENE POLYMER

ABSTRACT

The results of a study of surface morphology, electrical conductivity, absorption
and reflection of ultrahigh frequency (microwave) radiation of a polymer composite
with a concentration of up to 90 % of multi-walled carbon nanotubes (MWCNTS) are
presented. An anomaly was revealed in the behavior of the electrical conductivity of
the composite at a concentration of MWCNTSs of 43 — 52 % in the polymer styrene-
butadiene latex, which correlates with the surface morphology, absorption and reflec-
tion of microwave radiation of the composite layers. A model is proposed that ex-
plains the results of the study.

Keywords: composites; multi-walled carbon nanotubes; electrical conductivity.
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AHHOTAIIUA

CtpykTypHBIE 0COOCHHOCTH JAe(opMaIyi HAaHOYACTHI] ajaMa3a HCCIeI0BaNChH
METOJIaMU TIPOCBEUMBAIOIIEH AIEKTPOHHOW MHMKPOCKOTHH BBICOKOTO pa3pelieHus
nocyie o0paboTku B tuiaHeTapHoi menbHHIlE Planetary Micro Mill PULVERISETTE
7 Premium Line ¢ kepamuueckum 0apabaHOM U CTalbHBIMH LIapamu guamerpom 10
MM B CMECH C KpemHHeM. B manHoW pabote Obuta 0OHAapyKeHa IIacTUYECKas Je-
dbopMmarusi anMasza MEXaHMYECKUM JBOMHMKOBaHHMEM. BbUIO yCTaHOBIEHO, YTO MpHU
YBEJIMYEHUH JITUTEIHHOCTH U3MENbUCHHUS Ha Kpalo HAHOYACTHUII ajmMa3a 00pa3oBbIBa-
JUCHh (parMeHThl C MEXIIOCKOCTHBIM paccTostHueM 0,255 HM, a TakKe OHHOHOIIO-
TNOOHBIE CTPYKTYPBI.

KiroueBblie cjioBa: miactuueckas aedopmarius; dIeKTPOHHAS MUKPOCKOIINS;

(ha3oBbIe IPEBPAIICHUS.
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Anma3 — oAMH W3 HEMHOTMX MaTepHalioB, IPOYHOCTh KOTOPBIX paBHA: 3Haye-
HUIO TeopeTudeckoro mpenena tekydectd (51 I'Tla); skcnepuMeHTanIbHOMY 3HaYe-
HUIO Tpezena Tekydectu (55 I'Tla) [1, 2]; HanpsbkeHuo, pU KOTOPOM HAYMHACTCS
nBwkeHne auciokanuii (54 I'Tla) [1, 3].

OnHuM 13 BO3MOKHBIX MEXaHM3MOB TUIACTUYECKON JepopMalluid MaTEPHAIIOB C
pCIIETKOW THIIAa ajaMmasa sBjseTcs JaBoiHuKoBaHue [4, 5]. OnHako, Kak ¥ B cliy4ae
JUCIIOKAIIMOHHOM MJIACTUYHOCTH, IIaCTHUECKas AeopMalius B pe3yabTaTe MEeXaHu-
YeCKOro JBOMHUKOBAaHUS paHee Habroaanach ToabKo mpu Beicokux (1300 K) Temre-
parypax [6]. Takum oOpa3zoMm, MEXaHW3M IUIACTUYECKOH IedopMary aiamasa IMpH
«Hu3kux» (Hmwke 1200 K) temneparypax 3KCIEpUMEHTAIBHO HE MCCIEA0BAJICS KpPO-
Me ciyyas ha3zoBoro nepexona [2].

[TopomkooOpa3zHasi cMech, cojeprKailiasi TIacTUYECKH JAehOpPMUPOBAHHBIN all-
Ma3, OblIa moyiyueHa mpu oOpaboTke B ruianetapHoil menbHuUIle Fritsch Planetary
Micro Mill PULVERISETTE 7 Premium Line co ctanbHbiM 6apabaHOM U CO CTallb-
HbIMU mapamu. [{uki o6paboTku B paboueM pexxume cocTosil u3 1 MUHYTHI UG O-
BaHMs U 3 MUHYT oxJaxaeHus. Bpems uamenbuenus cocrapisio 2.5, 5 u 10 4. Ilo-
CJIe ATOTO MOPOIIOK MojaBepranu odopadotke B cmecu kuciaor HNO3; u HF s pac-
TBOPEHHUS KPEMHHMsI, @ 3aT€M HCCIEOBAIN C MOMOILBIO AJIEKTPOHHOIO MHUKPOCKOMA
JEOL JEM-2010 TEM. B paboTe MCIOIB30BaICs MOPOIIOK IETOHAIIMOHHBIX ajMa-
30B CO CPEIHUM pa3MepoM 25 HM, Ipou3BeACHHBIN B Komnanuu Microdiamant AG.

[Tpu 06paboTke yacTull aiMas3a B IUIAHETAPHON MENbHUIIC B TEUCHHUE JBYX 4a-
COB, HaOmoAaeTcst 00pa3oBaHue ABOMHUKOB 1o miockoctu (111). Ha puc. 1, a noka-
3aHa YacTHIla anmasa, coAeprkanasi TBOMHUKOBYIO TpaHully X = 9, o0pa3oBaBIIyIOCS
U3 IBYX ABOWMHHUKOB mepBoro nopsiaka (X = 3). [Ipu 6onee nioutenbHONH 00paboTKe B
MJIaHETapHOM MeNbHUIIE (ITOCIie IECATH YaCOBOT0 U3MEJIbYEHUs) Ha TOBEPXHOCTH Ya-
cruil anvasa (puc. 1, b) o0Opasyrorcss HCKpUBICHHBIC TPa(UTOBBIC CIOH.

Takke BCTpeyalIWCh YaCTHIIBI, B KOTOPBHIX (pa3oBoe TMpeBpaiieHue rpadut-

aJiMa3 He MPOU30ILIo (puc. 2).
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Puc. 1. a) JIBoiinukoBasi rpaHuiia X = 9 B yaCTHIIE aJiMa3a 1ocjie o0paboTKH B
ianetapHoi menbHutle; b) [epexon mnockoctu (111) amma3a B HICKPUBJICHHBIC CIIOH

(002) rpadmwura.

Puc.2. a) N300paxeHne yaCcTHUIIbI aIMa3a, Ha Kparo KOTOPOi uMeeTcst (pparMeHt
C MEXIUIOCKOCTHBIM paccTosiaueM 0.255 HM, BeiesieHHbIN oBajioM; D) BOII ot a)
cTpenKkoi o003HadeH pediekc, COOTBETCTBYIONINN MOKa3aHHOMY (pparMeHTy. Yo

pa3opueHTUPOBKH ¢ TuiockocTsiMu (111) paBen 8°.
[Tpu 3TOM Hapymanack CTPyKTypa aamasa: MOSBISIINCH IUIOCKOCTH, UMEIOLINE

MeXIIockocTHOe pacctosiHue 0,255 M, coctasmstontue 8° ¢ iockoctsamu (111) an-

Ma3za. To ecTh 00pazyercst MpOMEXKYTOUHAsI CTPYKTypa MEXy aaMa3oM H rpadutom.
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[Momo6Has cTpykrypa Obuta oOHapykeHa B paborte [3], mpomexyTouHas ¢asza
MEX]y aIMa30M U TpauTOM, UMEIOIIas TPUKIUHHYIO pemetky (2 = b = 0.51 um, € =
0.745 M, o = B = 82° y=120°) O6pl1a 0OOHApYKEHA MPU OO0TYyUYSHHH KpHCTallja aaMasa
HEUTPOHAMH.

[Tpu npooIKEHUN U3MENIbYEHUS TPOUCXOAUT 00pa30BaHUE OHHOHOIOI00HBIX
CTPYKTYpP pauycoM MEHEEe ~ 5 HM.

Taxkum oOpazom, HawasioM (Ha30BOTO MPEBPAIICHUS alMa3-TpaduT SBISETCS
rtactTuueckas aedopMaiins MEXaHMYeCKUM JBoitHMKOBaHueM. [Ipu Goiee niuTenb-
HOM HM3MEJbYEHUH MPOUCXOAUT 00pa30BaHUE MAJIOYTJIOBBIX U BHICOKOYTJIOBBIX Tpa-
HUII.

B pesynbraTte 00pabOTKM MOpOIIKa aiMas3a B IUIAHETApPHON MeNbHULE ObUIH
OOHapyXeHbl JIBOMHUKH, TIPU Oo0jiee JIUTEILHOM H3MEJIbUCHUH OO0pPa30BHIBAINUCH
(dbparMeHTbl Ha Kparo ajdMa3HbIX YaCTUIl C MEXKIUIOCKOCTHBIMH paccTosiHusMU 0.255

HM, a TaK)X€ OHMOHOIIOJJOOHBIE CTPYKTYPHI.
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PHASE TRANSFORMATIONS IN DIAMOND AS A RESULT
OF PROCESSING IN A PLANETARY MILL

ABSTRACT

The structural features of the deformation of diamond nanoparticles were stud-
led by high-resolution transmission electron microscopy after processing in a Plane-
tary Micro Mill PULVERISETTE 7 Premium Line with a ceramic drum and steel
balls with a diameter of 10 mm mixed with silicon. In this work, the plastic defor-
mation of the diamond by mechanical twinning was discovered. It was found that
with an increase in the grinding time, fragments with an interplane distance of 0.255
nm were formed at the edge of diamond nanoparticles, as well as onion-like struc-
tures.

Keywords: plastic deformation; transmission electron microscopy; phase trans-

formations.
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AHHOTAIUA

C ucnonap30BaHUEM METOJIa TOJMMEPU30BAHHBIX KOMIUICKCHBIX MPEIIIEeCTBEH-
HukoB (IIKII) pa3pabGoTtana cranmapTHasi METOJMKA MOJYYEHHUS BBICOKOMOPUCTHIX
HOCHUTENeH W MeTauiokcuaHbix katanu3atopoB (MOK) pocra YHT. YcranosneHo,
gyto 3¢ dextuBHOCTE CCVD — mporiecca ¢ Ucmoib30BaHUEeM KaTaau3aTOpOB OOIIETO
cocraBa Fe, Co/CaCO; (CaO, MgO, Al,O3;, NaCl) ymenbmaercs B psagy CaCOs
(CaO) > MgO > Al,03; > NaCl. Ha ocHOBaHWY aHaJIM3a Ka4eCTBEHHOTO COCTaBa MPo-
JIYKTOB YCTAHOBJIEHO, YTO MPHUPOJa HOCUTENS, HCIOJIB3YIOMIErocs sl MOTyUYCHUS
MOK wmetomom TIKII, sBnsiercst onpeaensromum GakTopoM, BIUSIONIMM Ha MOpGO-
noruro YHT.

KuroueBble ¢ji0Ba: yriepoHbie HAHOTPYOKH; HAHOYTJICPOI; TEMILIAT, HAHOTE-

XHOJIOTHUST,; METaJUIOKCUAHBIE KaTtanu3aTopbl, CVD.

BBenenue. I'paden, manoyrnepox (HY), nmanorpapur (HI'), omHOCTEHHBIE
(OYHT) u muorocrennsle (MYHT) yrnepoansie HaHOTpYyOKH, THOpUIHBIE MaTEpHa-
JIbl HA X OCHOBE MPOYHO BOIUIU B MEPEUYEHb CAMBIX MEPCIIEKTUBHBIX (YHKIIMOHATb-

HBIX YTJIEPOIHBIX HaHOMaTepuanoB 21-ro ctonerus [1]. Vike ceituac co3gano 60Jib-
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1I0€ KOJMYECTBO YCTPONCTB C MPUMEHEHUEM S3THUX YTIEPOJAHBIX HAHOMATEPUAIIOB
(YHM) u uHTEpEC K pa3BUTHIO JAHHOTO HAIIPABJICHHS] HAHOTEXHOJIOTMH BO3PACTAET C
KaXIpIM rosioM. OJIHUM U3 HampaBJiIeHUN HCCIeOBaHUM sIBIsIETCs pa3padoTka 3¢-
(heKTUBHBIX METO0B cuHTe3a Y HM MeTomoM ocakieHus yriepo/ia u3 ra3oBou (a3l
(CVD — meron) ¢ HCIOJB30BAaHMEM IOJIXOJ0B TEMILIATHOTO CHHTE3a — Ipolecca,
MPOUCXOIAIIECTO TP BIUSHUU T€X WIM UHBIX (PaKTOPOB MPOCTPAHCTBEHHOI'O Orpa-
HUYCHUS, KOTOPHIE MO3BOJISIOT YIPABIATh CTPYKTYypOH oOpasyromieics dasbl, 3ama-
BaeMOM C MIOMOIIBI0 CBOEOOpa3HOTro 1madiaoHa — TeMiuiata. B manHoM ciyyae oOpa-
3YIOIIUICA B MPOLECCE CUHTE3a YIVIEPOIHBIM HAaHOMATE€pHall MOCIE YAAICHUS TEM-
maTta (HaHeCEHHOTo MeTaiookcuaHoro katanuzaropa (MOK)) sBisieTcss uHBEpCHOM
PEIUIMKOM U MOBTOPsiET (hOPMY HUCXOAHOTO I1abJI0Ha C TOM JHIIb pa3HUIEH, YTO pa3-
MEp MHUKPO-, M€30-, MAaKpOMop B MPOAYKTE OyJIET ONpenesThCsA TOJIIMHONW CTEHOK
MOp UCXOJIHOTO IabJIoHA.

Heabo HacToOsilIeil padOThbI SBISAECTCS HCCICIOBAHHWE BIUSAHUS MPUPOABI U
CTpYKTYpbl Temiuiata Ha 3@ dekruBHOCTE CVD — cunteza YHM (YHT) u mopdoiio-
TUI0 YaCTHUI] YIJIEPOJHBIX HAHOTPOYKTOB.

JKCIepUMEHTAJNbHAA YaCcTh. J[JIsI MPOBEICHUS UCCIIEIOBAHNIM B KAU€CTBE MO-
AenbHbIX HOocHTenei Obutn BeIOpanbl CaCO3(Ca0), MgO, Al,O;, NaCl, kax manbo-
Jiee 4acTo Ucnoiibdyemble. O4eBUIHO, YTO AJIsI KOPPEKTHOTO CPABHUTEIIBHOTO aHAJH-
3a BIMSHUSL CTPYKTYphl TE€MIUIaTa (C y4€TOM OCOOCHHOCTEM TEKCTYphI, THUIA KPHU-
CTAJUTMYECKOMN pelieTkn) Ha npousBoautenbHocTh CVD — mponiecca u mopdosoruto
gactull YHM HeoOxonuma cTaHaapTHas MOpolieaypa MpeaopraHu3aldd TemIiaTa
(rocutens MOK).

Hcxons u3 3TuX cooOpakeHuid, Mbl pazpaboTtanu mMetoauky nonydeHuss MOK
pocta YHT, npeanosnararoliyo CTaaui0 MpeIopraHu3aini CUCTeMbl ¢ (popMupoBa-
HUeM 3d-MaTpHIlbl MpeaKaTaan3aTopa B TBEPAOM BHIE, ompenessomeii Mopdoro-
TUI0, TIOPUCTOCTh U JUCIIEPCHOCTh KaTanu3aropa. B OCHOBE METOJIMKH JIEKUT METOJ
MOJIMMEPU30BaHHBIX KOMIUIEKCHBIX mpeamecTBeHHUKOB (IIKII), sBastomuiics, mo
CyTH, Pa3HOBUIHOCTBIO XE€JIATHOTO METOJIa 30Jib — Telib TEXHOJOTHH. CyTh TaHHOTO

METOJAa 3aKJIYacTCiad B MHCIIOJB30BAHUH CIIOCOOHOCTH KAaTHMOHOB MeTauioB 3d-
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TPyNIbl 00pa30BBIBaTh YCTOMYMBBIC KOMILIEKCHI C YIIIeBOJaMu (MOHO-, M- U TIOJIH-
caxapuaamu) coctaBa Me(NO3),L, rne L —opranudeckwmii simrang . TepMoi3 Takoro
xomiuiekca Boime 130 °C mpHBOAMT B pesysbTaTe PeaKIHd MOMMITEPUDUKALNH K
00pa30BaHUIO TPEXMEPHOUN MOTUMEPHON OPraHUYECKON MAaTpHUIlbl, B KOTOPOU MOHBI
METaJJIOB, BXOSIIMX B COCTAB KaTaau3aTopa, pABHOMEPHO pacipeesieHbl 0 BCeMy
e€ 00bémy. B oOmem ciydae cuate3 MOK cocTOUT M3 HECKOJIBKUX MOCIIE0BATEb-
HBIX CTaJWMN:

1) PacTBOPEHHE KOMIIOHCHTOB, ToMoreHm3anms, Harpes 10 70 — 80 °C (06-
pasoBaHHe KOMIUIekca yrineBon — Me", OKHMCIMTEThHO-BOCCTAHOBUTENBHAS PEaK-
1HsL);

2) JeTHIpaTaLHs, HOMyYeHHe BS3KUX cupornos mpu 100 — 115 °C;

3) TepPMOOKHCICHHE B mMamsux ycaoBmsix mpu 130 — 200 °C (dpopmuposa-
HUE TBEPJAOU MAaTPUIIBI PEAKATATN3ATOPA);

4) TEPMOOKHCIICHHUE (TOPEHHE) YTICPOIHON MATPHUIIBI U PA3JIOKEHHUE MPE/I-

katamm3aropa (250 — 350 °C);

5) OT)KUT, yAallEHHE OCTATKOB OPraHUYECKOM YIIIEPOJHOM MAaTPUIBI IPH
550 — 650 °C;
6) MEXaHOAKTUBAIIHA.

Mertamtokcuansie karanuzaropsl (MOK — ITKIT) o6imero cocraa Fe,Co/CaCO;
(Ca0O, MgO, Al,O3, NaCl) ¢ moasubiM cooTHOmeHueM Fe, Co/CaCO3(Ca0O, MgO,
Al,O3, NaCl) paBubim 0,12 : 1 6butn osydensl MmetozoM ITKII mo omucanHo# Bbiie
METOWKE, W 10 CPABHEHUIO C KaTaau3aTopaMH, IMOTYYEHHBIMH JIPYTUMHA METOJIaMH,
OTJIMYAIOTCS MAJIBIMUA 3HAYEHUSIMH HaChITHOM tuiotHocTH o, = 0,01 — 0,25 /e,

CVD — cunte3 YHM c ucnosib3oBaHUEM YKa3aHHBIX HOCHUTEJEH MPOBOJIUIN B
tpyouaTtom peaktope mpu T = 800 OC (raz-mocurens — Ar, 60 cM®/MuH; ra3-
MPEeKypcop yriaepojaa — KOMMepueckas MporaH-OyTaHoBas cMmech, 30 CM3/MI/IH) 1o
onucaHHOM paHee MeToauke [2]. Mopdomorus yactuir YHM, cocTosImmx B OCHOB-
HOM M3 MHOTOCJIOMHBIX YTJIEPOJIHBIX HAHOTPYOOK, MpeIcTaBieHa Ha puc. 1.

N3 3aBucumoctu yaenpbHOro Beixoga YHM or npupoasl HOcuTens, Mpeacras-

neHHo Ha rucrorpamme (puc. 1, a) BumnHo, uto >ddextuBHocTh MOK — TIKII

83



ymenbinaercs B psagy CaCO3(CaO) > MgO > Al,O; > NaCl, uro, mo namemy mHe-
HUIO, CBSI3aHO C Pa3JIMYUEM B KUCIIOTHO-OCHOBHBIX CBOWMCTBAaX HOCHTEJICH, BEIIMYH-
HaX yJEIbHOHN IUIONMIAJN MOBEPXHOCTH, TUNIOTHOCTH YITAKOBKH KPUCTAJUTMUYSCKOU pe-
IICTKU ¥ CBS3aHHBIX C ATHM BeJIMYMHAMU HachImHOM miotHoct MOK, xoTopas yBe-

aruuBaetcs B psy MgO < CaCO3(Ca0) < Al,O3< NaCl.

1,54

Ne: MTkat

1,0

D =10 nm
0,5

0,0
CaCO3 MgO AlpOz NaCl SiOp

§) II r
Puc. 1. Bnusaue npuposl Hocutens Ha 3¢ dektuBHocTh MOK. II9M u3o6pa-
xenust MYHT, monydennsix ¢ ucnoib3oBanneM MOK Ha ocHoBe CaCO3(Ca0), (a);

MgO, (6); Al,O3, (B); NaCl, (r); rucrorpamma, ().

N3 nonyuennbix Hamu gaHHbIX POA cpegnue 3nauenns OKP qis uccnenoBaH-
HbIX oOpasnoB MYHT naxoawnucek B npenenax 5 — 15 HM, 4TO CBUIETEIBCTBYET 00
OYECHb MAaJBIX pa3Mepax HaHOKpuctaumToB. Tak, ecimu OKP gus MOK
(CaC0O3(Ca0)) umeer Beauuuny 5,7 — 7,3 um, a auamerp MYHT 25 — 40 uM, To mist
MOK (MgO) npu 3naueHusx OKP 2,2 am nuametrp MYHT cocraBnser 7 — 15 uM
(puc. 1, a, 6), amamerper MYHT (MOK Ha Al,O3) npu 3uauenusx OKP 5,7 um B
npeaenax 12 — 28 uM. Takum oOpa3om, MpociieKuBaeTca npsiMasi CBA3b MEXKIY MpU-
POJION HOCHUTEINS KaTaau3aropa, YACIbHOW MPOM3BOAUTEIBHOCTHIO KaTaau3aropa H
KayeCTBEHHBIM cocTaBoM Y HM.

[Tomy4yeHHbIC MaHHBIE O BIUSHUW MPUPOJBI HOCUTENS HA TPOU3BOAUTEIHLHOCTh

MOK B CCVD — mporiecce 3acTaBlISIOT MO-HOBOMY B3IUISIHYTh Ha POJIb HOCHUTEIIS
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MOK 1 0003Ha4UTh €€ €cau HE TJIABHOMW, TO ONpeAeIstonieil. B aTom cmbicie cuHTe3
MOK, ocHoBannbiii Ha Metozae IIKII ¢ momydeHneM TBEpAOTENBHOIO MPOMEKYTOY-
HOT'O MPEAKATAIN3aTOPa U €ro JAIbHEMIIEr0 TEPMUYECKOTO PA3JIOKEHUS, IIPEICTaB-
JseTCs MEePCIEKTUBHBIM, PallMOHAIBHBIM M JIETKO MaclutabupyeMbiM. boree Toro,
uMesi pa3padOTaHHBIA yHUBEpCadbHbIA anroput™M cuHtesa MOK, HO npumeHss pas-
JIMYHBIC HOCUTEIH WIA UX CMECH, CTAHOBUTHCS BO3MOXKHBIM YIIPABIIATH MPOLECCOM C

LEJIBIO MOTYYEHUsI HEOOXOAUMBIX MO cTpyKType YHM.

Cnucok aureparypsl
1. OyHkuuoHanbHble MaTtepuansl / A.A. Enucee, A.B. Jlykamun // M.:
®dwusmatiut, 2010. 456 c.
2. [Ipynuenko A.Il. 3aKkOHOMEPHOCTH MpOLECCa TEMIUIATHOTO CUHTE3A I0-
PUCTBIX yriiepoanbix MatepuaioB Merogom CVD / ATl Ilpynuenko [u np.] // Bect-

HUK JlyraHckoro HalMOHAJIBHOTO YHHBepcuTeTa uMeHu Bramumupa ans, 2018.

Ne5(11). C. 299-303.

TEMPLATE SYNTHESIS OF CARBON NANOTUBES IN THE CCVD -
PROCESS: EFFECT OF THE NATURE THE CATALYST SUPPORT
ON THE MORPHOLOGY OF CARBON PRODUCTS

ABSTRACT

Using the method of polymerized complex precursors (PCP), a standard proce-
dure for the preparation of highly porous supports and metal oxide catalysts (MOC)
for the growth of CNTs has been developed. It was found that the efficiency of the
CCVD process using catalysts of the general composition Fe,Co/CaCO; (CaO, MgO,
Al,O3, NaCl) decreases in the series CaCO; (CaO) > MgO > Al,O3; > NaCl. Based on
the analysis of the qualitative composition of the products, it has been established that
the nature of the support used to obtain MOC by the PCP method is the determining
factor influencing for the CNTs morphology.

Keywords: carbon nanotubes (MWCNTS); nanocarbon; templates; nanotech-
nology; metal oxide catalysts; CVD.
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AHHOTALUS

[Ipenyioxken cmocoO ympaBieHUs MporieccoM (GOPMUPOBAHUS KaTaau3aTopa,

00€eCIeynBaOIer0 CUHTE3 YIJIEPOJHBIX HAHOCTPYKTYPHBIX MaTepUajoB C XapakTe-

PUCTUKAMHU, OJIN3KUMH 3aJaHHBIM.

KiarueBble ciioBa: YHOPABJICHUEC,; KaTaJlu3aTop, CHHTC3, YIJICPOAHBLIC HAHO-

CTPYKTYpBHI.
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B nHacrosmee BpeMsi paclIMpeHUsi aCCOPTUMEHTA MPOU3BOAUMBIX YIJIEPOJIHBIX
HAHOCTPYKTYP AOCTUTAIOT ITyTEM M3MEHEHHUS YCIOBUM UX CHHTE3A U COCTaBA KaTAJIH-
3aTopa — BelecTBa, He0OXoAMMOro it ux ¢popmupoBanus. Tak B mpoliecce CUHTE3a
yraeponuabix HaHOTPYyOOK (YHT) meTomom razoa3sHoOro XMMHUYECKOTO OCAKICHHS
Mopdooruo GopMUPYEMBIX HAHOOOBEKTOB MPEUMYIIECTBEHHO PETYIUPYIOT MMyTEM
U3MEHEHHUs cocTaBa Karanu3aTopa. CyllecTBYIOMNAN MOAX0 «OJWH COCTaB KaTaju-
3atopa — oauH tun Y HT» He Bcerga npuemmiem it TpOU3BOAUTENSA, TaK KAK MPU CO-
3JaHUM MHOTOACCOPTUMEHTHOIO TIPOU3BOJICTBA TPeOyeT pa3pabOTKU WM MpuoOpe-
TEHUS HOBBIX PEUENTYP U METOAUK MOJYYEHHUS KaTAIIM3aTOPOB, YTO SIBIIAETCSA JOCTA-
TOYHO 3aTPATHBIM.

Jlnst pelieHus NaHHOW MPOOJEMbl MPEIJIOKEH HOBBIM Hay4YHBIA TMOJXOJ K
YIpaBJIECHUIO MPOLIECCOM (POpMHUPOBAHUS KaTalnu3aTopa 0€3 U3MEHEHUS €ro COCTaBa,
OCHOBAaHHBIN Ha MpPEJ- U MOCTTEPMHUUECKON 00paboTKe KaTaiu3aTopa U €ro mpesiie-
CTBEHHHUKa (pu3nyeckuM BoznericTBrueM. HecMoTps Ha To, 4TO JaHHBIE METOIbI aKTH-
BallMM IMPOKO UCHOIB3YIOT B Mpoleccax (OpMUPOBAHUS PA3IMYHBIX KaTaIU3aTOPOB,
MIPUMEHEHHE UX B IMTPOU3BOJICTBE KAaTAIM3aTOPOB CUHTE3a YTIIEPOIHBIX HAHOCTPYKTYP-
HBIX MaTE€pUaJIOB 0Ka3aja0Ch a0COIOTHO HOBBIM.

[IpeaBapuTenbHbie HCCIIEIOBAHUS MOKA3alu, YTO TMpearepMudeckas oopaboTka
pacTBOpa MCXOJHBIX KOMIIOHEHTOB KaTajau3aTopa yibTpa3BykoM [1], smexkTpoMarHuT-
HBIM ¥ MUKPOBOJTHOBBIM TI0JIEM [2] U OCTTepMUYECKast 00paboTKa KaTaanu3aTopa oKa-
3bIBAET BIUSHUE HE TOJHKO HA XapaKTEPUCTHKHU (POPMHpPYyEMOro KaTalvm3aTtopa, HO U
Ha MOP(OJIOTHIO CUHTE3UPOBAHHBIX HAHOCTPYKTYp. Tak, Hampumep, MoCTTEpPMUIECKast
0o0paboTKa KaTajau3aropa BBICOKMMH TeMIIEpaTypaMu CIOCOOCTBYET YMEHBIICHUIO
nuametpa cuaTe3upoBanubix YHT [3, 4]. Takum oOpa3oM, npea- U MOCTTEPMHUYUECKasT
00paboTKa KaTalr3aTopa U €ro MpeAlleCTBEHHUKA SIBIISIETCS HOBBIM CIIOCOOOM YITpaB-
neHus nporeccoM cuaTe3a YHT, HO, 4TOOBI €ro MOJIHOIIEHHO HCIIOIh30BaTh B MPOHU3-
BOJICTBE, HEOOXOIUMO 3HATh MEXaHU3MBbI 3TUX MPOIIECCOB.

Tak kak mpupona HaOmonaeMbIX 3((EKTOB HAa JaHHBIM MOMEHT HE /10 KOHIIa
M3y4€Ha, TO JJIs OMMCAaHUA Tporiecca POpMUPOBAHUS KaTanu3aTopa ¢ UCHOIb30BaHU-

€M CTaJuu aKTHuBalluu (bPISI/I‘ICCKI/IMI/I B03IICI\/’ICTBI/I$IMI/I OBLIO MMPOBCACHO 3HAYUTCIILHOC
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KOJIMYECTBO 3KCIIEPUMEHTOB IO BIUSHHUIO COCTaBa M PEKUMOB €r0 aKTHUBAIMM Ha Xa-
PaKTEpUCTUKH CHHTE3UPYEMBIX HAHOCTPYKTYp. [lomyueHHble pe3ynbTaThl ObUIM HC-
TIOJIb30BAHBI TP COCTABJICHUM MAaTEMAaTWYECKHX MOJIEJICH, YTO TMO3BOJHIIO CO31aTh
MaTeMaTH4YeCcKoe 00ecreueHne, yCTaHABIMBAIOIIEE CBA3b MEKIY YCIOBUSAMU (PU3NUe-
CKOTO BO3JICHCTBHS HA KaTaJIM3aTOP/ero MPEAIICCTBeHHUKN U XapaKTePUCTUKAMU CUH-
TE3UPYEMBIX HAHOCTPYKTYP.

Ha 6a3e pa3paboTaHHOTO MaTeMaTUYECKOTO OOECIICUeHUs, ¢ HMCIOIh30BAHUEM
nporpamMMHbIX rpoaykroB SupaSoft 1.10, Borland Delphi 7, Maplel4, TableCurve 2D
v5.01, OpuTa co3mana POOIEMHO-OPHEHTUPOBAHHASI CHCTEMA COMIPOBOXKICHUS M TTO/-
JCPKKA TIPUHATUS PEIICHUs i TPOMBINUICHHOTO MPOM3BOJCTBA KaTaIM3aTopa,
obecnieunBatomias peanuzanuio cunteda YHT ¢ xapakrepuctukamu, Hanbosee Onu3-
KUMU 3aJJaHHBIM. ATIpoOaIisi JaHHOW CUCTEMBI MTO3BOJIMIIA 0€3 MTPOBEACHUS TOTIOHH-
TEIbHBIX SKCIIEPUMEHTOB OMPECIIUTh COCTaB U YCIOBUSI (POPMUPOBAHMSI KATaIU3aToO-
pa, obecnieunBaromiero cuuTe3 koakcuaibHbix YHT ¢ 3aganubimu BHenHuM (Dy = 9,0
HM), BHyTpeHHUM (o = 5,0 HM) qrameTpamMu, yIenbHBIM BBIXOIOM (Yo > 11 T¢/Tey) U
crenenbio aedexktHoctr (Do/G < 1,2). IMonyueHHbIe pe3yabTaThl ObLTH HCIOJb30Ba-
HBI TIPH pa3paboTKe 0a30BOM XMMHUKO-TEXHOJIOTHIECKONW CXEMbI MPOU3BOJICTBA KaTa-
mu3aropa cunte3a YHT. Ee peanuzarus obecnieunsia moigyyeHne KaTaau3aTopa, Cro-
coOHOro (opMUPOBATH HAHOCTPYKTYPHI C JUAMETPOM, OTKJIOHEHHUE 3HAYEHUS! KOTO-
poro OT 3aaHHOro He npesbimaet 10 %.

*Uccneoosanue 6vinoineHo npu uHarncosou noooepicke PODU 6 pamxax

Hayunoeo npoexma Ne 18-29-19150 wux.

Cnucok aureparypsl
1. Effect of ultrasound on a mixed oxide-based catalyst for synthesis of
nanostructured carbon materials / E.A. Burakova, E.V. Galunin, A.V. Rukhov, N.R.
Memetov, A.G. Tkachev // Research on Chemical Intermediates, 2016, 42(9), pp.
7045-7055.
2. Novel and economic method of carbon nanotubes synthesis on a nickel

magnesium oxide catalyst using microwave radiation / E.A. Burakova, T.P. Dyach-
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4, The effect of catalyst calcination temperature on the diameter of carbon
nanotubes synthesized by the decomposition of methane / Siang-Piao Chai, Sh. Hus-
sein, Sh. Zein, A.R. Mohamed // Carbon, 2007, Vol. 45(7), pp. 1535-1541.

CONTROL OF THE PROCESS OF FORMATION OF A CATALYST FOR
THE SYNTHESIS OF CARBON NANOSTRUCTURES

ABSTRACT
A method is proposed for controlling the process of catalyst formation, which
ensures the synthesis of carbon nanostructured materials with characteristics close to
the specified ones.

Keywords: control; catalyst; synthesis; carbon nanostructures.
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AHHOTAIUA
[Tomy4deHbI aHTUCTATUYECKUE TTOJTUMEPHBIC KOMIIO3UIIMOHHBIC MaTEPHANIbl, MO-
Iu(UUIUPOBAaHHBIE OKCUIOM TpadeHa, NpenBapuTeIbHO 00padOTaHHOIO MOJIOM.
VY cTaHOBJIEHO, YTO ISl TTOJYYEHHBIX HAHOKOMIIO3UTOB Ha OCHOBE CBEPXBBICOKOMO-
JICKYJSIPHOTO TOJIMATHIIEHA M aKpUJIOBOTO JiaKa, B 3aBUCHUMOCTH OT KOHIICHTPAIMU
MOIUDHUKATOPA HITEKTPOIPOBOLHOCTH BO3PACTACT HA HECKOIBKO HOPSAKOB ¢ 3,4-107
hi (o) 2,6-10'5 U C 6,4-10‘18 hi o) 8,6-1()'10 Cwm/cM cootBeTcTBeHHO. OOpaboTKa OKCHIa

rpadeHa MoaoM CHOCOOCTBYET YAAICHUIO MOBEPXHOCTHBIX KHCIOPOACOAEPKALIUX
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rpynmn, (OPpMUPOBAHUIO KOMIUIEKCOB C MEPEHOCOM 3apsifa U MOBBIIICHHIO AJIEKTPO-
IIPOBOAHOCTH KOMIIO3UTOB Ha €r0 OCHOBE.

KuroueBble cj10Ba: KOMIIO3UTHI; OKCU rpadeHa; Ho; dJIEeKTPOIPOBOAHOCTb.

B nHacTtosimiee BpeMsi OrpOMHOE€ BHUMAHHME YJIENSAETCS UCCIEHOBAHUIO CBOMCTB
rpadeHOBBIX MaTE€pUaNIOB BBUIY UX OOJBIIONW YIEIbHOM MOBEPXHOCTH, BBICOKOMN
AIEKTPONIPOBONHOCTH, IOABUKHOCTH HOCUTEIEH 3apsiia, a TAKKE YHUKAJIbHBIX Me-
XaHU4ecKux cBOUCTB [1, 2]. ['anorenusupoBanubie GopMbl rpad)eHOB B 3aBUCUMOCTHU
OT TUIA U KOHIEHTpAIMU TaJIOr€Ha JIEMOHCTPUPYIOT U3MEHSIONIMECS B IIMPOKOM
JMAIIa30HE JIEKTPUYECKHE, FJIEKTPOHHBIE U JJIEKTPOKATAIMTUYECKUE XAPAKTEPUCTH-
KM U MOTYT IIPUMEHSTHCSA B KQU€CTBE KOMIIOHEHTOB HAHOKOMIIO3UTOB. B yacTHOCTH,
HoaupoBaHHbIN TpadeH o0anaer BBICOKOM AJIEKTPOIPOBOIHOCTBIO [3], Onaromaps
YeMy MOKET NPUMEHATHCS I NPUAAHUS MMOJMMEPHBIM MaTepuajgaM aHTUCTaThYe-
CKHX CBOWCTB.

B Hacrosmem ncciie1oBaHUM B Ka4eCTBE MCXOJHOTO MaTepHalia MPUMEHSIIACH
5 % BogHas macta yriaepojaHoro HanoMmarepuana « Tayuut-I'M» npousBoactea OO0
"HanoTexIlentp" r. TamO0B, mojiydeHHasi MOCPEACTBOM MOIUDUIIMPOBAHHOTO Me-
Toga Xammepca. [l ee 00pabOTKM uHCMONb30BaH #on kBamupuranmuum YA
('OCT4159-79, OO0 «KoMmrioHeHT peakTuBy). MoaupuiupyeMbIMu MOTUMEPHBIMU
MaTpUIlAMU SIBJSUTMCh CBEPXBBICOKOMOJIEKYJIApHBINA nojudTuieH (CBMIID) u akpu-
noseiii jak (AJI) White House (TY 2313-005-32998388, OOO «IIpennpusrtue
BI'T»).

[To maHHBIM, TPEACTABICHHBIM Ha pUC. |, MOXXHO MPOAHAIM3UPOBATH BIUSHUE
MOAU(UITMPOBAHUS OKCHIA rpadeHa HoIoM Ha IEKTPOTPOBOISIINE CBOWCTBA KOM-
no3utoB ¢ CBMIID. KonuenTparus oja, mpeacTaBieHHas Ha Tpaduke, BhIpakeHa B
MPOIIEHTaX OTHOCUTEIHHO MAacChl OKCHa TpadeHa, MOJABEPTHYTOrO MPEIBAPUTENh-

HOIT 00paboTke.
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1LE+00 ~
1,E-01 A
1.E-02 A
1,E-03 A
1.E-04 A
1.E-05 A

1,E-06 ®

OIeKTPONPOBOAHOCTE, CM/CM
°

1,E-07 A

1,E-08 A

Kommenrparmis ona, %

Puc. 1. DnexTponpoBOAHOCTh BBICOKOMOJIEKYJISIPHOTO TMOJIUAITUIIEHA, COJEp-
xamiero 1 macc. % BOCCTaHOBJIGHHOTO OKcHjaa rpadeHa, MOAU(PUIIMPOBAHHOTO HO-

J0OM.

1.LE-19 -
1.LE-18 -
1.LE-17 -
1.LE-16 -
1.LE-15 -
1.E-14 -
1.LE-13 -
1.LE-12 -
1.LE-11 -
1.LE-10 -
1.E-09 -
1,E-08 -
1.LE-07 -
1.E-06 -
1,LE-05 -
1.E-04 -
1,E-03

ONEeKTPONPOBOAHOCTL, CM/CcM

0 5 10
KonnenTpanms tiona, % macc.

Puc. 2. DnekTponpoBOJHOCTh aKpHJIOBOTO JIaka, coaepskamero 1 macc. % Boc-

CTAHOBJICHHOT'O OKcHuja rpadeHa, MoauUIIMPOBAaHHOTO HOIOM.

92



C yBenuueHHEM KOHIIGHTpAIlMM #OJa YBEJIWYMBAETCS 3JIEKTPONPOBOIHOCTD
HAHOKOMITO3UIIMOHBIX TOJUMEPHBIX 00pa3oB. OOBACHUTH JaHHBIA 3PQPEeKT BO3-
MO>KHO JIMIIIb TIPEIOJIOXKUB, YTO MPU CIHEKAHUH 0Opa3IOB MPOUCXOAUT HE TOJBKO
ylaJeHHe C TMOBEPXHOCTH OKCHAa rpadeHa OKHUCHBIX 00pa3oBaHUIl B pe3ylbTaTe
TepMooGpaboTku mpr Temmeparype 170 °C, Ho u 06pa3oBaHue B €ro CTPYKTYpe KOM-
IUIEKCOB C meperocoM 3apsima [ S u 17>,

AHaTOTUYHBIA pe3yabTaT OBbUT TOJYYCH I aKpWJIOBOTO JIaKa, COJEPIKAIIETo
okcuJ rpadeHa, mpeaBapuTesIbHO MOAUDUITUPOBAHHBIN HoaoM (puc. 2).

Takum oOpazoM, MoaupUIMpOBaHME OKCHAA TpadeHa HOIOM CIOCOOCTBYET
YBEJIMYEHUIO DJIEKTPOIIPOBOAHOCTH MaTepuaia. JTO BBIPAKAETCS B POCTE AJIEKTPO-
IPOBOAHOCTH MOJUMEPHBIX KOMIO3UTOB (Ha ocHoBe CBMIID u akpunoBoro naka),
conepxkammx 1 % rpadena, Ha HECKOJIBKO MOPsAKOB. [loydeHHbIe BIEpBbIE MOJU-
MEpHbIE KOMIIO3UTHI, COJIEpKaIe OKCU TrpadeHa, MpeaBapuTeIbHO MOAU(PUIIUPO-
BaHHBIM H0JI0M, MOTYT 3((EKTUBHO HCIIOJIb30BATHCS B KAUECTBE aHTHCTATUYECKUX
MAaTEpPUAJIOB U IMOKPBITHM.

*Uccnedosanue evinonneno npu Qurauncogoli nodoepixicke PODU 6 pamxax

Hayuno2o npoexkma Ne 18-29-19121.

Cnucok qureparypbl

1. Preparations, properties and applications of graphene in functional
devices: A concise review / R. Shuai, R. Ping, Y. Qi // Ceramics International, 2018,
Vol.44, no 11, pp. 11940-11955.

2. General overview of graphene: Production, properties and application in
polymer composites / J. Phiri, P. Gane, T.C. Maloney // Materials Science and
Engineering: B, 2017, Vol. 215, pp. 9-28.

3. lodine-steam  doped graphene films  for  high-performance
electrochemical capacitive energy storage / Y. Zhu, X. Ye, H. Jiang, L. Wang, P.
Zhao, Z. Yue, Z. Wan, C. Jia // Journal of Power Sources, 2018, Vol. 400, pp. 605-
612.
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ANTISTATIC POLYMER COMPOSITES BASED ON GRAPHENE OXIDE
MODIFIED WITH IODINE

ABSTRACT

Antistatic polymer composite materials modified with graphene oxide pretreated
with iodine have been obtained. It was found that for the obtained nanocomposites
based on ultra-high molecular weight polyethylene and acrylic varnish, depending on
the concentration of the modifier, the electrical conductivity increases by several
orders of magnitude from 3.4-10°® to 2.6-10" and from 6.4-10*® to 8.6-10™ S/cm
respectively. The treatment of graphene oxide with iodine promotes the removal of
surface oxygen-containing groups, the formation of charge transfer complexes, and
an increase in the electrical conductivity of composites based on it.

Keywords: composites; graphene oxide; iodine; electrical conductivity.
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AHHOTAIIUA
Pa3paboTan HOBBIM CrOCOO MONYYEHHUS IIEKTPOXUMHUYECKOTO aHOJHOTO OKCH-
JTUPOBAHMS AIFOMUHUSL B IPUCYTCTBUM JIETOHAIIMOHHOTO aIMa30COAepIKaIIEero yrie-
poja, OnpeesieHbl ONTUMAJIbHBIE YCIOBUS MPOBEIACHUS IpOIlecca U PEKOMEHI0BaH
COCTaB 3JIEKTposIUTa. Pecypc moKpbITUS yBEIUYEH B 2 — 3 pasa.
KuroueBble cj10Ba: aHOJIHOE OKCHJIMPOBAHUE; AIIOMUHUI; aiMa30CoAepKalui

yIIIepPOI; KOPPO3UOHHASI CTOHKOCTh; U3HOCOCTOHKOCTb.

JUIsi mosydyeHHsl aHOJHOTO MOKPBITHUS aBTOPBI HMCIHOJB30BAIA CEPHOKUCIBIN
ANEKTPOJUT U JeTOHAIMOHHbINA yriiepon (DB), momydyeHHslii npu B3pbIBE TPOTHII-
TeKCOT€HOBOM CMECH U cojiepkaliuii 56 % JaeToHalMOHHBIX HaHoaMa30B (JJHA).

B ycnoBusix ucnbiTaHus OKCUIHBIN citoil DB He nctupaercs.

[Tpu BeIAEpKKE 00pa3noB ¢ DB B knuMarnyeckoil kamepe B TeueHuu 220 yacoB
CJICIOB KOPpPO3HMH HEe 0O0Hapy»keHo, a 6e3 DB — mocne 96 4acoB BBIIEPIKKH UMEIOTCS
ceabl KOPPO3HUH.

BeiBoabI:

1. B pabote BrnepBble M3y4EHO BIMSHUE JETOHAIMOHHOIO aJMa30Cojep-
xamiero yriepoaa (DB) na mporiecc aHomupoBaHus B CyJIb()aTHOM IJIEKTPOIUTE C
L[EJIbI0 NCKIIFOUEHMS U3 TEXHOJIOTUYECKOM LIEMOYKH OIlepalii MPOMUTKH ITOKPBITHS.

2. IIpu konuentpauuu Alll 2 r/n obGecneuynBaeTcsi BHICOKAass MUKPOTBEP-
JIOCTh OKCHIHOTO MOKPHITHS — 10 10 T'TIa /Mm°.

3. Koppo3noHHast CTOUKOCTb OKCUIHOTO CJIOS, ITOJTYYEHHOTO B dJIEKTPOIHU-
te ¢ 3 r/n Alll, kak MuHUMYM, B 2,4 pa3a BbIllIe, YEM Y IUIEHKH, IIOJyYeHHON B CTaH-
JApTHBIX YCIOBUSX C MPOMMUTKON B BOJIE.

4, [TopucTocTh MIEHOK, MOMyYeHHBIX B 35iekTponute ¢ 3 r/n Alll B 2,5 pa3za
HWKE, YEM Y TUICHOK, ITOJTYYEHHBIX B CTAHJAPTHBIX YCIOBUSX.

S. JUtst mostydeHusl aHOAHO-OKCHJIMPOBAHHOIO IMOKPBITHS ATOMUHHUS WM
€ro CIJIAaBOB C BBICOKUMHM 3KCIUTYyaTallMOHHBIMHU XapaKTEPUCTUKAMHU PEKOMEHIYETCS
CJIEIYIOLIUI COCTAB JIEKTPOJIUTA:

* Cepnas kuciora — 200 r/1,
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* Anmazocoaepxarias muxta — 2,0 + 3,0 r/n
* OcTalibHOE — BOJA.

Temmeparypa nporecca — He Bime + 12 °C.

ELECTROCHEMICAL ANODE OXIDATION OF ALUMINUM IN THE
PRESENCE OF DETONATION DIAMOND-CONTAINING CARBON

ABSTRACT
A new method of electrochemical anodic oxidation of aluminum in the presence
of detonation diamond-containing carbon has been developed, the optimal conditions
for the process have been determined, and the composition of the electrolyte has been
recommended. The coverage resource has been increased by 2 — times.
Keywords: anodic oxidation; aluminum; diamond-containing carbon; corrosion

resistance; wear resistance.
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BECKOHEUYHBIE 30JIOTBIE HAHOTPYBKHU B MOJAEJIN XABBAPJIA
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AHHOTANMUSA

B monenu XabG6apna u3ydeHbl SJIEKTPOHHBIE U TEPMOJMHAMUYECKHE CBOMCTBA
OECKOHEYHO MPOTSHKEHHBIX 30JI0THIX HaHOTPYOOk xupanbHocTu (5, 0) u (10, 0). B
paMKax TPHUOJMKEHUS CTATHUICCKUX (DIyKTyaruii ObIITN BBIYMCICHBI U UCCIICTOBAHbI
HHEPTreTUYECKUE CIIEKTPHI.

KuroueBble ciioBa: 30510Tas HAHOTPYOKa; MoJIenb Xab0apaa.

30JI0TO — MATKHWI, OYEHb IJIACTUYHBIN, TATYYUHA METAIJI, XOPOILIO MPOBOJUT
TEIUIO U DJIEKTPUUYECTBO, YCTOMYMB K XUMUYECKOMY BO3aercTBUIO | 1]. HanouacTuiisl
30JI0Ta 3aHUMAIOT IMPOMEXKYTOUYHOE IIOJOKEHUE MEXAY OTACIbHBIMM aTOMaMH U
«MacCCHUBHBIM» MeTaJIOM. biaronmaps psigy oCoOEHHOCTEH, CBSI3aHHBIX C UX pa3Me-
paMU U BHYTPEHHUM CTPOCHHEM, OHU OOJIaJal0T YHUKAIBHBIM COYETAHUEM DJICKTPHU-
YECKUX, MAarHUTHBIX, ONITHYECKUX, KATAJTUTUUECKUX U IPYTUX CBOMCTB, HE XapakTep-
HBIX JIII Makpo MarepuajoB [2]. M3 BceX BO3MOKHBIX THUIIOB CTPYKTYP 30JI0THIX Ha-
HOYACTHUII HAC B MEPBYIO O0Yepenb OyAyT MHTEpEeCcOBaTh HAHOTPYOKH M3 aTOMOB 30JI0-
Ta Pa3JINYHON XUPAIBHOCTH.

DKCNEPUMEHTAIBLHOE M TEOPETUYECKOE HCCIICIOBAHUE MPOTSIKEHHBIX HAaHOYa-
CTHII 30JI0Ta HA4YaJoCh B KOHIIE mporuioro Beka. Tak, B 1997 r. Y. Kondo u K.
Takayanagi monyuunau cTaOWIbHBIE HAHOMPOBOJA M3 aTOMOB 30J10Ta C IMOMOIIBIO
AIEKTPOHHO-TYY€BOr0 00JIydeHUsI TOHKOW TJICHKH 30J10Ta B CBEPXBBICOKOM BaKyyMe

IIPOCBEYMBAIOIIECTO IEKTPOHHOTO0 MUKpockomna [3].
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MopaenupoBaHue aTOMHON CTPYKTYpPBI UTPAE€T OIPOMHYIO POJIb JIJI1 METalInye-
CKMX HAHOMNPOBOJIOB, TaK KaK UX TPAHCIIOPTHBIE CBOMCTBA OYEHb UYBCTBUTEJBHBI K
M3MEHEHUSIM Ha aTOMHOM ypoBHE. B naHHOM paboTe MCMoab30BaIl Mojielb Xab0ap-
Ja JUIsl UCCIIEIOBaHMsI CBOMCTB OJHOCTEHHBIX 30JI0ThIX HaHOTPYOOK (5, 0) u (10, 0)

OecKkOoHEeUHOMU JIMHBEI (puc. 1).

Puc. 1. ®parMeHTsl aTOMHBIX CTPYKTYpP 30JIOTBIX HAHOTPYOOK XHPaJTbHOCTEM:

a) (5,0),06) (10, 0).

PaccMoTpuM KOHEUHBIN (DparMEeHT OAHOCTEHHOM 30JI0TOM HAHOTPYOKH, IMpHU
MOJEIUPOBAHUN KOTOPOTO IIPUMEHHMM INEPUOJAMYECKHE TI'paHU4Hble YyciaoBus. ['a-

MUWIBTOHHUAH IJIA 9TOM CUCTEMBI UMECT BUA:

N N
H = Zg(ﬁn +0,)+ Z B;;(@,4;, +4;,8,)+U Zﬁﬁﬁii’
i=1 ij,c i=1

rae N — konnuectBo atoMoB Bo ¢parmernte SWGT, ¢ — coOCTBEHHast SHEPTUs AJIEK-

TpOHa, Bij(i — j) — WHTErpaj MepeHoca, OMUCHIBAIOIINN MEPECKOKU JIEKTPOHOB 3a

CYET KMHETUYECKON SHEPruy M KPUCTAJUIMUECKOTO TOJIsI Ha Onmkaliui coceaHuit

y3en, U — 2Hepruss KyJOHOBCKOTO OTTAJIKWMBAaHUS DJEKTPOHOB Ha OJIHOM Y3Je€,

N_=4& a_ — oneparop umcna yactui,  _u a_ — GepMHU-OIEPATOPbI POKICHHUS U
YHUYTOXKEHHSI DJICKTPOHOB Ha y3JI€ | CO CITHHOM o .

s ompeneneHuss SIEKTPOHHBIX W TEPMOJMHAMHYECKHX CBONCTB 30JI0THIX
HaHOTPYOOK B Mojenu Xab0apaa pemaiuch ypaBHEHUS TBUKEHUS JIJISI OTIEPATOPOB
POXKICHHSI YACTHI] B T€H3eHOEPTOBCKOM TMPEACTABICHUH.

Hcnonp3oBanne mpuOImKeHUs: crartudeckux ¢GiaykTyanuid [4] ¢ y4eToM oco-

OCHHOCTEN HCCIeAyeMbIX aTOMHBIX CTPYKTYp MO3BOJIMJIO MOJIYYUTh CHUCTEMY 3a-

MKHYTBIX Au(depeHnaibHbIX YpaBHEHUN Uil ONEpaTopoB BTOPUYHOIO KBaHTOBA-
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HUS, IIPU 3TOM KaXK/1asg HAHOpa3MepHasl CTPYKTYpa XapaKTEPU3yeTCsl CBOEH CUCTEMOM
3aMKHYTBIX YPaBHEHHIA.

B pamkax BbIOpaHHOrO NMPUOIMKEHUSI ObUIM BBIUKCIIEHBI U UCCIIEIOBAHbI SHEP-
TeTUYECKUE CIEKTPBI PA3JINYHBIX TUIIOB HAHOTPYOOK M3 aTOMOB 30J10Ta, OJIy4ECHHbIE
CIIEKTpPBI JIEMEHTapHBIX BO30YXJIEeHUN B Mojenu Xabbapaa MO3BOJSIOT OOBICHUTH

CBOMCTBA SKCIICPUMCHTAJIbHO CHHTC3UPOBAHHBIX 30J0TBIX HaHOTp}I6OK.

Cnucok aureparypsl

1. 3onoto. Xumunueckas >HuukiIonenus / A.B. Crpuxko, B.C. Ctpuxxo,
M.A. Mepetykos // M.: CoBetckas sunukioneaus. —1990. —T. 2. — C. 171-173.

2. The weird world of nanoscale gold / M. B. Cortie // Gold Bulletin, 2004,
Vol. 37, pp. 12-19.

3. Gold nanobridge stabilized by surface structure / Y. Kondo, K. Taka-
yanagi // Phys. Rev. Lett, 1997, Vol. 79, pp. 3455-3458.

4, [TpubnnkeHne craTuueckux QuyKTyauui s moaenu Xadoapaa / B. B.
Jlockytos, I'. 1. Muponos, P. P. Hurmarymmusn // ®HT. — 1996. — T. 22. — Ne. 3. — C.
282-286.

INFINITE GOLD NANOTUBES IN THE HUBBARD MODEL

ABSTRACT
The electronic and thermodynamic properties of infinitely extended gold nano-
tubes of chirality (5, 0) and (10, 0) are studied in the Hubbard model. The energy
spectra were calculated and investigated within the static fluctuation approximation.
Keywords: gold nanotube; Hubbard model.
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AHHOTAIMUSA
PaboTa mocpsiieHa BompocaMm MOJYyYE€HHUS U NPUMEHEHUS KOJUIOMJIHBIX YaCTHI]
rpaduTa METOJIOM JJIEKTPOXUMHUYECKON 3KC(hoaruanum rpauTOBBIX 3JIEKTPOJIOB B pac-
TBOpax 3JEKTPOJIUTOB MPU HATOKEHUU IEPEMEHHOTO U MTOCTOSHHOI'O TOKA.
KiioueBsble ciioBa: rpadeH; KOUIOUIHBINA TpauT; HAaHOTPAPUT; IEKTPOXUMHUYE-

CKast dKCoTraIusi.
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reKCaroHaJIbHyH0 KPUCTAJUIMYECKYIO PEIIETKY aTOMbI 00pa3yIoT CJIOHM TOJIIHMHON B OJIMH
aToM, B MOCJeIHeEe BpeMsl pUBJIEK 0O0JIbIIIOE BHUMAHUE ISl €70 BO3MOYKHOTO ITPUMEHE-
HUS B DJIEKTPOHHBIX YCTPOMCTBAaX HOBOI'O IIOKOJICHHs, KOMIIO3UTHBIX MaTepHuallax,
YCTPOMCTBAX XpaHEHUs SHEPruu U Apyrux cdepax Omarogapss CBOMM YHUKaJIbHBIM
WIEKTPUUECKUM, MEXaHUYECKUM U XUMHUYECKUM CBOMCTBaM. B TO ke Bpems, MaoCiIou-
HBIE CTPYKTYPBI, 0Opa30BaHHbIE KOJUYECTBOM ciioeB rpadena ao 150, cycrneHsun KoTo-
pPBIX B JJaHHOUM paboTe OyAeM Ha3bIBaTh KOJUIOUMAHBIM IpauUTOM, TaKXKE€ UMEIOT HIUPO-
KM CIIEKTP BO3MOKHOTO IIPUMEHEHHUS.

OaHMM U3 TEPCHEKTUBHBIX CIIOCOOOB MOJTyYEHUS! KOJUIOUIAHOTO rpaduTa sSBIsSETCS
AIIEKTpOXUMUYECKast FKcpoauanus rpapura. B oTiimdue oT mMpoKo UCHOIB3yEMOTO IS
TaKUX IleJied XMMHUYECKOro MeToja XamMMmepca U ero MoauuKauui 3JIeKTpOoXUMHUYe-
CKUH CHHTE3 JKOJIOTMYEH, HE TpeOyeT NPHUMEHEHUS KOHLIEHTPUPOBAHHBIX KHUCIIOT U
OMACHBIX PEAreHTOB, CONPSDKEH CO 3HAYUTENIBHO MEHBIIMMM 3aTpaTaMu 3HEPIHH, MO3-

BOJIACT YIIPABIATH CHHTC30M AOIIOJHHUTCIIbBHBIMHA IIapaMCTpaMH — IIElCTOTOI‘/'I, CKBaXXHO-
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CTBIO U (popMO¥ TOKA. JlaHHBIA METOJ] OCHOBAH Ha UCIOJIb30BAaHUH AJIEKTPOXUMHUUECKUX
peaxkiuii, IpOUCXOAALINX B IPOCTPAHCTBE MEXKIY CIOSIMU rpaduTa, 3al0JIHEHHOM 3JIEK-
TpoautoM. [Ipouenypa snekTpoxuMudeckon 3kcdonuanuu rpadpura COAEPKUT JIBE CTa-
JIMH, TIepBasi U3 KOTOPBIX COOTBETCTBYET MHTEPKAISLMHM MOHOB U3 PacTBOPA JIEKTPOIH-
Ta B MPOCTPAHCTBO MEXIY I'pad€HOBBIMU CIOSIMU C OOpPa30BaHUEM KOBAJIEHTHBIX WU
MOHHBIX CBA3€H, a BTOpas BKJIKOYAET PACCIOCHUE MaTepuaia B pe3yJbTaTe MPOTEKAHUs
AIIEKTPOXUMUYECKON PEaKIIUH.

ABTOpamu pa3paboTaHbl U coOpaHbl JJaOopaTOpHas U MWIOTHAs YCTAaHOBKH, Jal0-
1€ BO3MOXXHOCTH IMPOBOAMTH JJIEKTPOXUMHUECKUNA CHHTE3 KOJUIOMAHOTO rpadura B
Pa3IUYHBIX AEKTpoauTax npu temmeparype oT 30 mo 70 °C. [TumoTHas ycTaHOBKA IM03-
BOJISIET MOJaBaTh HAa JJIEKTPOABI MPSIMOYTOJbHBIN, CUHYCOUAANBHBIN, U TpamnerueBu/I-
HBI TIEpEMEHHBINA TOK, a TakXe MOCTOSHHBIN TOK A0 100 A ¢ HanpsbxenueM o 12 B.
JlaboparopHasi ycTaHOBKa IO3BOJISIET MOJaBaTh TOKU 10 3 A, OHa OCHalleHa (OTOMET-
PUYECKHM JTaTYMKOM JUISl MCCIIEIOBAaHUSI KMHETUKHU Tpolecca cuHTe3a. O0e ycTaHOBKU
YIPABISIIOTCS TPOTrPAMMHUPYEMBIM MUKPOKOHTPOJLIEPOM.

B nHacrosiiee BpeMsi IpOBOASTCS UCCIEA0BaHNUA KUHETUKH CUHTE3a KOJUIOUIHOTO
rpaduTa B pacTBOpax r'MAPOKCHAA HATPHS U Kalus, a TaKkxke Cylab(haToB U CEPHOU KHC-
notel. OmnucaHue SJIEKTPOCHHTE30B HA OCHOBE CYJIb(GATHBIX AIIEKTPOIUTOB IIMPOKO
MPEICTABIICHO B JTUTEPATYPE, YTO CBSA3AHO C OoJiee BHICOKOU 3(P(HEKTUBHOCTHIO MPOIIEC-
COB B TakuX pacTtBopax. HemocraTok CMHTE30B ¢ MpUMEHEHUEM CyJb(aToB — 3arps3He-
HUE MaTepuasa cepoi, YTO B HEKOTOPBIX 00JIACTAX MPUMEHEHUS! HEJOMYCTUMO, a TaKXKe
M30BITOYHOE OKHUCJICHHE MO KpasM Tu1acTUHOK. Kpome Toro, mpu BBICOKUX KOHIIEHTpa-
UsAX HAOMIOAAeTCsl OTCIaUBaHUE CPABHUTEIBHO KPYMHBIX YACTHI], YTO 3arpsA3HSET Mpo-
IYKT ¥ IPUBOJIUT B KOHEUHOM HTOTE€ K TIOpYe 3EeKTpoAoB. bombioit mHTEpec nmpeacras-
JSI0T BEAYUIUECS KOJUIEKTUBOM aBTOPOB HUCCIEAOBAHMS B 00JIACTU CHMHTE3a HA IIEJIOY-
HBIX 3JICKTpOJHTax. B kadecTBe A/IeKTpOI0B MPUMEHSIOTCS rpaduToBas MiIacTHHA Map-
ku «['paduexcy — rpapurtoBas (oabra, U3rOTOBICHHAS U3 00OTAIIEHHOTO KPUCTAILITNYE-
CKOTO rpaduTa CleuualbHBIMU METOJaMH XUMHYECKOH M TepMuuecKoid oOpaboOTKH C
MOCJICTYIOIIEH MPOKATKOM 0e3 CBA3YIOIIEro MaTepuana, a Takke (GacOHHBINA dIEKTPOKO-
HTaKTHBIA TpaduTCOAEpKalMi MaTepuai, UMEIOMIMI B CBOEM COCTaBE CBS3YIOLIEE.
CuHTe3 MpPOBOAUTCS HAa MOCTOSTHHOM M MMITYJbCHOM Toke. CyCneH3usi KOJUIOMIHOTO
rpadura npu HEOOXOJIMMOCTHU MOABEPraeTcsl YIbTPa3ByKOBOMl 00pabOTKe W HEUTpanu-

34U JICKTPOJINTA, OAHAKO 3TU CTAAUU HE ABJIAIOTCA 00s13aTEJIbHBIMH.
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Ha puc. 1 npencraBiieHsl CHUMKM Marepuaia, IOJIyYEHHbIE METOJaMH IPOCBEYU-
BAIOIIEH M CKAHUPYIOUIEH AMEKTPOHHON MUKpOCKOMUU. Yncno rpadeHOBBIX CIOEB B Ya-
CTHIIaX KOJUIOMIHOTO rpaduTa, IpeICTaBICHHOr0 Ha CHUMKaX, He mpeBbiiaet S50, a na-

TepaAJIbHBIN pa3Mep YacTUll HaXoauTcs B npeaenax ot 17 go 100 mkm.

Puc. 1. CHUMKHM 9acTHIl KOJUTOUTHOTO rpaduTa, MOTyUYeHHbIE METOJaMHU IIPOCBE-

YHUBAIOIIeH (a) U CKaHUpyIouIeH (6) AIeKTPOHHON MUKPOCKOTIHH.

KonnexktuBom aBTOpPOB BeneTcsi paboTa Mo MOUCKY BO3MOXKHBIX cep MPUMEHEHUs
KOJJIOUAHOTO rpaduTa. XOpoIlIrue pe3ybTaThl MOJyUYeHbI IPU UCIOIb30BaHUN MaTepu-
aya B TUTACTHYHBIX KaJbIIMEBHIX CMA3Kax: YMEHBIICHNE MATHA W3HOCA TIPU MCTIBITAHUSIX
CMa3KH{ Ha YEeThIPEXIIapUKOBOW MalIMHE TPEHHUS, YMEHbILICHUE NTEHETPaIMy U TOBBIIIe-
HUE TEMIEepaTyphl KaIjlenaeHus 0 CPABHEHHUIO C KOHTPOJIbHBIM 00pasiiom 0e3 100aB-
K1 MaTepuasia. Begytces paboThbl M0 U3y4eHHIO BIUSHUS 100aBOK KOJUIOMIHOTO rpadura
Ha CBOWCTBA CMa3bIBaIOIIE-OXJIKIAOIMINX JKUIKOCTEH I METAJIOPEKYIIUX CTaHKOB,

MO0 CO3aHUTIO MMBIJICOTTAIIKUBAOIINX U AHTUKOPPO3NOHHBIX HOKpBITI/Iﬁ.

ELECTROCHEMICAL SYNTHESIS OF COLLOIDAL GRAPHITE

ABSTRACT
The work is devoted to the production and application of colloidal graphite parti-
cles by electrochemical exfoliation of graphite electrodes in electrolyte solutions with
the application of alternating and direct current.
Keywords: graphene, colloidal graphite, nanographite, electrochemical exfoliation.
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AHHOTALIUA
UccnenoBain  u3MeIbYeHUE YaCTHI[ TEPMOPACHIMPEHHOTO rpaduTa IMocie
YTOJIIEHUS] CTEHOK COT KAMEHHOYTOJIbHBIM IEeKOM. Ompenenuin xapakTep pacnpe-
JICJICHUS TI€KA 110 TOBEPXHOCTHU CTEHOK ITOP M Ha ITOBEPXHOCTHU U3MEIIbUEHHOTO MaTe-
puana. [IpoBenu aHanu3 IUCIIEPCHOCTH U3MEJIBYEHHOTO MaTeEpHUaa.
KuroueBble ci1oBa: TepMOpacuIupeHHbINA rpaduT; KAMEHHOYTOJIbHBIN TIEK; CIION

IICKa, IIOBCPXHOCTDb CTCHOK COT; YJIbTPA3BYK; U3MCJIIBbYCHUC, INCTOYKH.

JIuctouku rpadura HAHOMETPOBOH TOJIIMHBI MOJIYYarOT, UCIOJB3YS YIbTpa-
3BYKOBOE€ pPa3pylIEHUE COTOBOM CTPYKTYpbl 4epBEOOpa3HbIX YACTHI] TEPMOPACIIU-
penHoro rpadura [1, 2]. Pa3zpyiienne npoBOAsST B CYCNEH3UH, U3METbYEHHBIN TPO-
IOYKT B BUJI€ ()parMEHTOB CTEHOK COT COCTOUT M3 TpaUTOBBIX JIMCTOUYKOB MUKPOH-
HOT'O pa3Mepa B MapajuIeIbHOM cJIOSIM HampasieHuu [3]. Tonmuua nucToukoB 3a1a-
€TCsl TOJIIMHOM CTEHOK COT TepMOpacIIupeHHoro rpagura. OTmedaercs, 4to rpadu-
TOBBIE JIUCTOUYKH TOHKWE M JIUIKHE. YBEJINYCHHE TOJIIMHBI IPapUTOBBIX JHCTOUYKOB
OTPaHUYEHO YCIOBUSAMHM IMOIYYEHUSI TEPMOPACIIMPEHHOIO TpaduTa M3 Yelryek WH-
TEePKAJIMPOBAHHOTO MPUPOJHOrO rpadura mMetogoMm Tepmoynapa. [lostomy BaxHO

YBEJIMYUTH TOJIIMHY CTEHOK ISl YIPaBJICHUs arperauueit yactuu. s nposeneHus
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MCCJIEIOBAHMSI UCITOJIB30BAIH TTOPOIIOK TEPMOPACITUPEHHOTO TpaduTa, MOTyIECHHBIA
TepMOyaapoM OKuciieHHoro rpaduta Mapku OI'4. [{ns yTonmeHus: CTEHOK COT HC-
MOJIB30BAIM CPEAHETEMIIEPATYPHBINI KaMEHHOYTOJIBHBI TMEK MO0 METOAMKE, MpPHUBE-
neHHou B padote [4]. OTBepkIeHNE MeKa MPOBOAWIN OKHCICHUEM KHUCIOPOJIOM BO3-
nyxa npu Harpese. [Ipu ucciaeaoBaHuu JUCIIEPCHOIO COCTaBa MCMOJIb30BAIN aHAJH-
3aTop pazmepa yactuil B cycneH3uu Nanotrac 253 Ultra. MukpocTpykTypy HabIto-
JlaJTA ¢ UCIIOJIb30BaHUEM CKaHHpYyromiero Mmukpockorna Jeol JSM 7001IF. O6mmwmii B

IMPOAYKTOB U3MCIILYCHUA IIPUBCICH HA PHUC. 1.

& %
1pm JEOL 7/14/2021
20.0kV SEI SEM WD 10mm 15:51:46

Puc. 1. N3obpaxenue COM mpoayKTOB H3MENbUEHUS MOIUMDUIIMPOBAHHOTO

MEKOM TePMOPACIINPEHHOTO rpadura.

Pe3ynbTaThl uccneqoBaHUs XapaKTEPU3YIOT JUCIEPCHOCTh MPOIYKTOB U3MENb-
YeHUs! MOJU(DUIMPOBAHHOTO KAaMEHHOYTOJIbHBIM TMEKOM TEPMOPACIIMPEHHOIO Trpa-
¢uTa. BeImosHeH aHaMN3 COCTOSIHUS MMOBEPXHOCTH CTEHOK COT B YACTHIAX TEPMO-
pacmpeHHoro rpadura mocie MOAUGUKAIIMN TEKOM, M MOBEPXHOCTH TMPOIYKTOB
YJIBTPa3BYKOBOTO M3MeNbUeHUA. [IpoBeneH aHanu3 AUCIEPCHOCTH W JaHa XapaKTe-

PUCTHKA arperainuu 4aCTull U3MCJIbYCHHOI'O MaTCpualia.
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ULTRASONIC CRUSHING OF THE THERMAL EXPANDED GRAPHITE
MODIFIED BY COAL TAR PITCH

ABSTRACT

A study of the grinding of thermally expanded graphite particles after thickening
of the honeycomb walls with coal tar pitch was carried out. For curing, the pitch was
oxidized with atmospheric oxygen when heated. The character of pitch distribution
over the surface of the pore walls and on the surface of the crushed material was
determined. An analysis of the fineness of the crushed material was carried out.

Keywords: thermally expanded graphite; coal tar pitch; pitch layer; honeycomb
wall surface; ultrasound; grinding; leaflets.
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AHHOTANMUS

Onpeenena cOpOLMOHHAS €MKOCTh TEPMOBOCCTAHOBIIEHHOIO OKCHAA rpadeHa mo
nonam Cd (1) = 14 mr/r u nonam Pb (1) = 6 mMr/r, 3pPeKTHBHOCT OYUCTKH BOJIBI CO-
ctaBwia ~ 91 % u ~ 87 % COOTBETCTBEHHO.

KiroueBble ciioBa: yriepojHbie COPOCHTBI, HAHOCTPYKTYPHUPOBAHHBIA YIIICPO/I;

TEPMOBOCCTAHOAJICHHBINA OKCH Tpad)eHa; OYnCTKa BOJIbI; KATHOHBI METAJIIOB.

VYrieponHele Matepuaibl TPAJAULIUOHHO HIMPOKO HCHOJB3YIOTCS B IPOLIECCAX BO-
JOOYUCTKA M BOAONOATOTOBKM. HamOosbliee pacmpocTpaHEeHUE MOIYYHIA HOPUCTHIE
yriepoansie matepuansl (ITYM), obnanaroiiue BHICOKON aacoOpOLMOHHONW U KaTaluTH-
YECKOM aKTUBHOCTHIO, BO3MOXKHOCTHIO BApPLUPOBAHUS YCIbHON TTOBEPXHOCTH B JHAra-
3ome 0.1 — 10° M%/r 1 2 peKTHBHOTO pasMepa Iop OT aHTCTPEM [0 COTEH MUKPOH [1].

NoHBI TSXKETBIX METAIJIOB SIBJSIOTCS PAaCIpPOCTPAHEHHBIMU 3arpsS3HUTENISIMU CTOY-
HBIX BOJl U MX M3BJICYCHHUE MIPEICTABISAET COOOM BaXKHYIO SKOJIOTUUYECKYIO U TEXHOJIOT U-
YEeCKYIO 3a/1auy.

CriocoGHOCTh TEPMOBOCCTAHOBJIEHHOIO OKCHJIa rpadeHa ajacopOupoBaTh pas3iiny-
HBIC YaCTHIIBI ONIPEACIISACTCA €r0 CTPOCHUEM, IPUPOION M KOHI[EHTpAIeil TOBEPXHOCT-

HBIX PEAKIIMOHHOCIIOCOOHBIX TPYIIIL.
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CtpyKTypa 9acTul] TEpPMOBOCCTAHOBJIEHHOTO OKcHIa rpadeHa, MpeACTaBiIseT Co-
0011 MoCIen0BaTENFHOCTh YIOPSAOYEHHBIX CIIOEB, TOJIIMHA OTACIBHBIX CIOEB COCTaB-
nsiet 10 0.01 mxm (puc. 1). YaenbHas NOBEpXHOCTh MOPOIIKA TEPMOOOPAOOTAHHOTO OK-

cuma rpadena cocrasmsier 170 M2/r.

Puc. 1. Cxanupyromias 371€KTPOHHAsT MHUKPOCKOIHS TEPMOBOCCTAHOBIEHHOTO OK-

cuaa rpadena.

Pa3Burtas nmopucrasi CTpyKkTypa, Oosbiasi yaenbHas MOBEPXHOCTh U HAJIMYHE KHUC-
JIOTHBIX (DYHKIMOHAJIBHBIX TPYHI CO3/AI0T MPEANOCHUIKU JUIsl TIPUMEHEHUS! TEPMOBOC-
CTAaHOBJICHHOT'O OKCHJIa MHOT'OCJIOMHOTO rpadeHa sl copOLrn KaTUOHOB METAJUIOB U3
BOJIHBIX PACTBOPOB.

Jlns mpoBeAeHHs aHAM3a W3 CTaHIAPTHBIX TOCyIapcTBeHHbIX oOpaszioB ['CO
7472-98 (BomHOTO pacTBOpa HMOHOB Kaamus) U 7252-96 (BOAHOTO pacTBOpa MOHOB
CBHHIIA) TOTOBWJINCH PACTBOPHI Pb* u Cd*, ¢ koHneHTpamusamu 0.01 — 250 mons/m.
AmukBoTsl BHOCHIM nunetno3aTopoM « IKOXMM» Ha 50 Mk B kos10b1 Ha 50 M 1 pas-
BOJIWJIA 10 METKHU BOJON MUTHEBOW HETA3UPOBAHHOM «AxBa Munupaine» I'OCT P
54316 — 2011 c obme# munepamuzanumeii: 0.05 — 0.5 r/n. Konnenrpamuo pacTBOpoB
OIIpeNeJISIN Ha BOJIbTaMIepoMeTpudeckoM aHanmmuzarope 1TA-Lab m Ha cnekrpodoTo-
mepe FOHMKO 1200 (1201).

B nccnenoBanusx MCMONb30BaIM HABECKHM TEPMOBOCCTAHOBIEHHOTO OKCHIA Ipa-
dena maccoit 0.0065 r (dror=1.4 r/am°). B IpoGHpPKH ¢ MOMOIIBIO LIMHAPA OTOHPAIIH
anMKBOTHI IO 10 MJ M3 MPUTOTOBJIEHHBIX PACTBOPOB, CBEPXY 3aChINAU MPUTOTOBJICH-
HYI0 HaBecky copOenTa. I[lo ucreuenuu 2-x yacoB JaHHbIE PACTBOPHI OT(HUIBTPOBBIBAIN
yepes cioit o6eszonenHoro gubtpa «benas nentay 'OCT 12026 — 76. TY 2642 — 001
— 68085491 — 2011.
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Tab6n. 1. 3nayenuss 3¢p(HEKTUBHOCTH OYUCTKU MOJEIbHBIX PACTBOPOB OT MOHOB

+ +
Cd?* u Pb?* TepMOBOCCTAHOBICHHBIM OKCHIOM rpadeHa.

Hcxonnasi koH- PaBHOBecHasi KOHIEHTPALMS bdexTuBHOCTD, D %
HeHTpanus pacTBopa, (Mr/J)

pacTtBopa, (Mr/J) cd* Pb** cd* Pb**
0.01 0.0000 0.0007 100.00 92.52
0.05 0.0021 0.0067 95.84 86.60
0.07 0.0063 0.0090 91.00 87.16
0.10 0.0230 0.0120 77.00 88.00
0.30 0.0250 0.0510 91.67 83.00
0.50 0.0410 0.1700 91.80 66.00
1.00 0.1700 0.4800 83.00 52.00
2.00 0.4700 0.9400 76.50 53.00
3.00 0.9620 1.5900 67.93 47.00
5.00 1.6700 2.5700 66.60 48.60
8.00 2.9800 4.0400 62.75 49.50
10.00 3.9000 4.8500 61.00 51.50
15.00 7.4000 11.3000 50.67 24.67
20.00 13.5000 18.0800 32.50 9.60
50.00 22.6500 28.2100 54.70 43.58
100.00 50.4800 62.4500 49.52 37.55
150.00 98.5400 108.6500 34.31 27.56
200.00 111.0000 134.6300 44.50 32.82
250.00 150.5700 152.2000 39.77 39.12

D dexrusnocth (D, %) OUMCTKU MOCIBHBIX pacTBOPOB (Tadi. 1) ObuIa paccunTa-

CD_CE
Ha 0 YPaBHEHHUIO J = - 100, roe Cy — mcxogHast KOHIECHTPAIUS HOHA METallia
4]

B pacTBope, Mr/am°; C, — paBHOBECHAS KOHIICHTPALMS MOHA METAIIa B KHAKOH (hase
rocIie CopoLH, Mr/am’.

Kak BumHO 13 Tabn. 1, 3peKTUBHOCTh OYMUCTKH C KOHIICHTpAIUEH MOJEIHHOTO
pacreopa Boiure 1.0 mr/i ast Cd** u 0.5 mr/in mst Pb%* pesko YMEHBIIIAETCS, 3TO CBSI3aHO
C TeM, YTO JJisi COPOIMH PAaCTBOPOB C OOJBIIMMHU KOHIIEHTPALUSMU, JAHHOTO KOJIHMYe-
ctBa copOenra (0.0065 r) HemocTtaTouHo. B cBsizu ¢ 3TuM, AJig OOJIBIIETO WM3BIICUCHUS
MOHOB METAJJIOB M3 PACTBOPOB HEOOXOIUMO YBEIHUYUTH KOJUYECTBO HCCIIECTYyEMOTO
copbenTa. PaBHOBECHYIO a/ICOPOIIMOHHYIO €MKOCTh 10 MOHAM METAJIOB PaCCUUTHIBAIIN
o gopmyie: e = (Co— Ce) V I m, tne Cy ucxomnasi KoHIEeHTpalus noxa, mr/i; Ce pas-
HOBECHasi KOHIICHTpalus HoHa, MI/J1; V — 00beM pacTBopa, J; M — macca aacopOeHTa, T.

ITo pe3ynbTaTtam pacyeTa paBHOBECHOM ancopOIonHoi eMkoctu o nonam Cd (1)
u Pb (I1) ctponnu u3orepMbl aacopOIMU HOHOB TEPMOBOCCTAHOBJICHHBIM OKCHIOM Ipa-

dena (puc. 2). [lnsg onucanus mporeccoB ajcopOIuy MOTyUYEeHHBIX W30TE€PM TOJb30Ba-
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nuch knaccudukanuen ['mibca u Cvuta [2]. CornacHO MOJMyYEHHBIM pe3yJibTaTaM H30-
tepMmbl ancopbimu it Cd (II) u Pb (I) Ha TepMOBOCCTaHOBIEHHOM OKCHIE MHOTO-
CJIOMHOTO TpadeHa UMEIOT BHUJI XapaKTepHBIN aJsl u30TepM kiacca H2, u xapakrepusy-
I0TCSL IPSIMOJIMHEWHBIM KPYTOBOCXOSIIIUM HAa4YaJbHBIM yYaCTKOM, YTO CBUIECTEILCTBYET
0 00JBIIOM CPOACTBE azcopbarta K aacopOeHTy ¢ 00pa30BaHUEM XUMHUYECKUX COeIUHE-
Huit. BeposiTHo, mporcxoauT B3anmoxeiictare nonos Cd’'u nonos Pb* ¢ kapGokcmis-
HBIMHU (DYHKIIMOHAJILHBIMU TPYIIIIaMHU, YTO MOATBEPKIACTCS HE3HAUYUTEIIbHBIM YBeJInYe-
HueM PH pactBopa. WM30Tepmbl anmpoOKCUMHUPOBAHBI MPAMBIMU JUHUAMH (puc. 3, 4),
YTO TIO3BOJISIET MKCIOJIB30BATh WX JUIsI ONHCAHMS Ipoliecca aacopOIUu MOAETU

Jlenrmropa.

q{('\ﬂ-’r)
14 cd

0 20 40 60 80 100 120 140 160 S D)

Puc. 2. N3otepma aacop6imu Cd (II) u Pb (II) TepMOBOCCTaHOBIEHHBIM OKCHIOM

rpadeHa.
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Puc. 3. U3otepmsar ancopouuu Cd (1) (a) u Pb (I1) (6) TepMoBOCCTaHOBIEHHBIM OK-

CUIOM MHOTOCJIOWHOTO rpadena, JIenrmropa.

MaxkcumanbHast cCOpOIMOHHAsI CLIOCOOHOCTh TEPMOBOCCTAHOBJIEHHOI'O OKCHJIA Ipa-

¢dena o nonam Cd (II) cocraBuna ~ 14 mr/r, uro npepbiiraet 3HadeHus Ha 10 — 15 %
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COpOIMOHHOW €MKOCTH ISl aKTHBHPOBaHHOTO yriisi, o uoHam Pb (I1) ~ 6 mr/r, uro co-
MU3MEPHUMO C TIOKA3aTeISIMU I aKTUBUPOBAHHOTO YTIIsl. DPPEKTUBHOCTh OUUCTKH BOIBI
OT HMOHOB TSDKEIBIX METaUIOB TEPMOBOCCTAHOBIIEHHBIM OKCHUIOM TpadeHa maccou
0.0065 T u KoHIIEHTpanuel pactBopa a0 1.0 Mr/n s Cd** u 0.5 mr/n JUTA Pb%* cocTasu-
aa ~ 91 % u ~ 87 % coorBercTBeHHO. HeoOxo1umMo yBenn4uTh Maccy copOeHTa s
Jy4IIIEro U3BJICUEHUSI HOHOB METAJIIIOB U3 PACTBOPOB.

*Uccnedosarnue evinonineno npu Guuarcosoti noooepicke PODU 6 pamxax nayu-

Ho2o npoexkma Ne 18-29-19048.

Cnucok aureparypbl
1. VYTaepon, MEXCIOEBbIE COCTUHEHUS M KOMIIO3MTHI Ha €ro OCHOBe /
A.C. ®uankos // M.: Acnieku IIpecc, 1997. 718 c.
2. AncopOrusi U3 pacTBOpoB Ha moBepxHoctu TBepAbix Ten / I. Ilapdur,
K. Pouecrep // M.: Mup, 1986. 126 c.

SORPTION OF Cd (I1) AND Pb (11) CATIONS BY THERMALLY REDUCED
MULTILAYER GRAPHENE OXIDE IN AQUEOUS SOLUTIONS

ABSTRACT
The sorption capacity of thermally reduced graphene oxide for Cd (1) ions 14 mg/g
and Pb (1) ions 6 mg/g was determined, the efficiency of water purification was ~ 91 %
and ~ 87 %, respectively.
Keywords: carbon sorbents; nanostructured carbon; thermally reduced graphene
oxide; water purification; metal cations.
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IIpoBeneHO HccienoBaHUE BIMSAHUSA KOHLIEHTPALMU HAHOIMCIIEPCUM ITOJIMMEpa
Ha (PU3UKO-MEXAHHYECKHE CBOWCTBA MOJIMMEPMHUHEPATIBLHOTO KOMIO3UIIMOHHOTO Ma-
tepuana. HaiinieHo ontumManbHOE MOJMMEPLIEMEHTHOE OTHOILIEHUE, CIIOCOOCTBYIOLIEE
YBEIMYEHHUIO TPOYHOCTHBIX XapaKTEPUCTUK LIEMEHTHOIO KaMHs1 0oJiee 4eM B 2 pasa.

KuroueBble cj10Ba: IEMEHT; HAHOAUCIIEPCHS; COTIOJIMMED; KOMIIO3UIIMOHHBIN

MaTCpuai; SIIOKCHUAHAA CMOJIa; TPCIICII.

B HacTtosiee BpeMs B CTPOUTENBCTBE MIMPOKOE MPUMEHEHUE i1 (PopMUpOBa-
HUS 3alIUTHO-IAEKOPATUBHBIX ITOKPBITUM HAXOAAT ITOJIMMEPCOJEPKALIMNE KOMIIO3U-
IMOHHBIE MAaTEpHUasbl. bOJBIIMHCTBO OTEYECTBEHHBIX CYXHX CMECEH MPUTrOTaBIMBa-
IOT TI0 TEXHOJIOTHSIM BEAYIIUX HHOCTPAHHBIX (UPM, pelentypa KOTOPHIX Tpeay-
CMaTpHUBAET COJIEP)KaHME IIEJIOr0 KOMILUIEKCA Pa3IMYHbIX UMIOPTHBIX J00ABOK, CTO-
MMOCTh KOTOPBIX cocTaBisaeT A0 97 % oT Bcex 3aTpar Ha chiph€. Mcxons u3 3Toro,
aKTyaJIbHOM SBJIIETCS 3a7a4a pa3pabOTKH OTECYECTBEHHBIX KaUYECTBEHHBIX U HEIOPO-
TUX MOJUMEPMUHEPATBHBIX MaTepualioB. lIpu co3maHum Takux mMarepuanioB MPOUC-
XOAUT COBMEIICHNE MUHEPAJIbHBIX U OPraHUYECKUX BSDKYIIUX, YTO B CBOKO OUY€pE/ib,
OKa3bIBAa€T BIIMSHUE Ha CTPYKTYpoOOpa3oBaHUE KaKIOTO KOMIIOHEHTa. B mpucyt-

CTBUHU IOJUMCEPHBIX ;[06311301( HU3MCHACTCA JUHAMHKA THMApaTallii KIMHKCPHBIX MH-
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HEpaJoB, MPU ATOM MPOJIYKThI THIpATAlMU TAKXKE OKA3bIBAIOT BIUSHHE HA OTBEpP-
KICHUE TojuMepa. Takue MHOTOKOMITOHEHTHBIE CHCTEMBI MMPUBOAAT K (hopmupoBa-
HUI0O KOMIIO3UIIMOHHOTO MaTrepuajia ¢ MaTpUYHOM CTPYKTYpoH, (u3HKO-
MEXaHMUYECKHE CBOICTBA KOTOPOrO OMPENEISIOTCA MOJUMEPIIEMEHTHBIM OTHOIIEHH-
em (IT/11).

Hacrosias pabota nocBsiteHa pazpaboTke U PU3NKO-MEXaHUYECKUM HCIBITA-
HUSIM CTPOUTEIBLHOIO Marepualna. B coctaB maTepuana BXOISAT: 3MOKCUIHAS CMOJIa
2J1-20, otBepautens amuHHoro tumna ITAJI-45M, BoaHass HAHOUCTIEPCUS COMOJIM-
Mepa CTHpOJa, aKPWJIOBOH KHCIOTHI W OyTWiakpwiara, cymnepruactudukarop C-3,
LIEMEHT, [IECOK U TePMHUUYECKH 00paObOTaHHbIN Tpenell. Pe3ynbraTsl ucciaenoBaHuii o
BBIOOPY ONTHMAJILHOTO COOTHOIICHHSI KOMIIOHEHTOB MOJUMEPHOU U, OTAEIBHO, MU-
HEPaJILHOW COCTABJIAIONIECH POBE/CHBI B padoTtax [1 — 3].

[IpoBenens! uctbiTanusi oOpasnoB ¢ oTHomeHueM [1/1] u3MeHsrommmcs B aua-
nazone ot 0 10 0,25 na Tpéxroueunsiii u3rud mo 'OCT P 56810-2015 «Kommno3uTsl
noJMMepHbIe. MeToa UCTIBITaHusI Ha U3TKO0 MIIOCKUX 00pa3lioB» U YAAPHYIO BSI3KOCTh
no I'OCT 4647-2015 «IInactmaccel. MeTtoa ompeaeneHusl yaapHOM BSI3KOCTH IO
[Tapnu». OTauBKa 00pa3OB ¢ FTEOMETPUUECKUMU TTapaMeTpaMu, COOTBETCTBYIOIIH-
mu TpedoBanusm ['OCT, nmpousBoaniack B CHEUMaIbHO MOATOTOBJICHHBIE CHIIMKO-
HOBBIE (POpPMBI, pacnanyOka MPOBOAMIACH YepPe3 CYTKH IOCJE 3aIMBKU, a (U3HKO-
MEXaHUYECKNE UCTIBITaHus — yepe3 30 CyToK.

Ha puc. 1 u 2 npuBeneHsl pe3yJabTaThl UCTIBITAHUN.
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Puc. 1. 3aBucuMoCTh M3rudaroIero HanpspkeHus (G,) Npu TPEXTOUEUHOM H3TH-
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Puc. 2. 3aBucumMocTb yJapHOU BS3KOCTH (@) OT MOJMMEPLUEMEHTHOIO OTHOIIIE-

Hus (I1/11): e — sxcnepuMeHTaNbHbIEC JaHHBIC, — aNMPOKCUMUPYIOLIAsk KpUBast
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Ha yuactke konuentpauuit ot [I/I] = 0 go [1/I] = 0,05 (puc. 2.) npoucxoaur He-
3HAYUTENbHBIN POCT yAApHOU BSI3KOCTH, 3TO CBSI3aHO ¢ (POPMUPOBAHUEM OTAEIBHBIX
HECBSI3aHHBIX MOJIMMEPHBIX KJIACTEPOB B [IEMEHTHOW MaTpule. Takas CTpyKTypa npu
yAapHBIX Harpy3kax He CIIOCOOCTBYET YBEIMUYEHUIO TPOYHOCTH, HO MpU U3rude (puc.
1) BO3pacTaeT MpPOYHOCTh, B JJAHHOM Cllydae MaJibie KOHIICHTPAIMU MOJUMepa CIIo-
COOCTBYIOT 3aIlOJIHEHUIO MOP B IIEMEHTHOM KaMHE, BBITIOJIHSAS POJIb MIACTU(DULIUDY-
fo1el 100aBKy.

CHIXeHHe MPOYHOCTHBIX CBOMCTB MpH KOHIEHTpauusx nomumepa I[1/1] > 0,1
(puc. 1 1 2) nporcXoAUT BCIAEACTBUE U30BITKA OJUMEPHOTr0 KOMIIOHEHTA, KOTOPBIH
MPENSTCTBYET MPOTEKAHUIO Mpolecca ruapaTanuu neMenta. [lpu nanpHeinem yse-
JMYEHUH MOJUMEPHON COCTABJISAIOLIEH IPOUCXOINUT OTAEIEHUE 3€PEH LIEMEHTA APYT
OT JIpyra TOJICTBIMU MOJUMEPHBIMU MPOCIONKAMH, BCIEACTBUE YEro He oOpaszyercs
LIEMEHTHAs MAaTpULa, a MOJyYCHHbI MaTepuall CTAaHOBUTCA IOJIMMEPHBIM KOMIIO3H-
TOM C BKpAIUJICHUSIMU MUHEPAJIbHBIX YACTHULI.

[Tpu nomumepuementHoMm cootHotenuu [1I/1] = 0,1 mpoucxoaut popMupoBanue
ONTUMAJIBHON CTPYKTYpbI. ['Maparanus HIEMEHTHOrO KJIMHKEpa CIocoOCTBYET 00pa-
30BAHMIO B3aMMONPOHHUKAIOUIEH MOJIMMEPLUEMEHTHON MaTpHUlle, COUETaoIIE B cede
MPOYHOCTh IEMEHTHOI'O KaMH$, IIIACTUYHOCTh U YCTOMUMBOCTH K Aepopmarusam, Gpu-
3MKO-MEXaHUYECKHE CBOKCTBA KOTOPOIO SIBJIIFOTCS HAWIYYIIHMHM CPEAU PaccMOT-
PEHHBIX KOHLIEHTPALIH.

B pesynbpTaTe npOBENEHHBIX MCCIECIOBAHUMN BBISBIECHO ONTHMAJIBHOE MOJUMEP-
LIEMEHTHOE OTHOUIEHUE IS MOJUMEPMUHEPAIBHOIO Marepuaia. JlokazaHo, 4yTo Hc-
M0JIb30BaHUE KOMIUIEKCHOW HAHOpPa3MEpPHON MOJIMMEpPHON J00aBKH CIOCOOCTBYET
YBEJIMYEHUIO IPOYHOCTHBIX XapaKTEPUCTUK LIEMEHTHOTO KaMHsI 0oJiee ueM B 2 pasa.

Hccnedosanue evinonneno npu guuarncosou noodepicke PODU u aomunu-

cmpayuu Tambosckou obaracmu 8 pamkax Hayunozo npoekma Ne 19-43-680003.

Cnucok aureparypsl
1. Brustare oTBepAMTENS Ha MEXaHUYECKHE CBOMCTBA AMOKCHUIHON CMOJIBI

9-20 / M.JI. MopnacoB // CoBpemenHble TBep/oda3HbIe TEXHOJIOTHH: TEOPHS,
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STUDY OF THE INFLUENCE OF POLYMER NANODISPERSION
CONCENTRATION ON PHYSICAL AND MECHANICAL PROPERTIES
OF POLYMERMINERAL MATERIAL

ABSTRACT
The study of the influence of the concentration of polymer nanodispersion on
the physical and mechanical properties of the polymer-mineral composite material
has been carried out. The optimal polymer-cement ratio was found, which contributes
to an increase in the strength characteristics of a cement stone by more than 2 times.
Keywords: cement; nanodispersion; copolymer; composite material; epoxy res-

in; tripoli.
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N3ydeno noseneHue snekrpokaranuzatopoB Pt/C-N, mogyyeHHBIX HAHECEHUEM
IJIATUHBI HA YIVIEPOIHBIE HOCUTEIH, JIErMPOBaHHbIE a30TOM. Karanu3aTopsl Ha OCHO-
B€ MOAM(PUUMPOBAHHOTO HOCHUTENS XApPAKTEPU3YIOTCS PABHOMEPHBIM MPOCTpaH-
CTBEHHBIM pacrpeseneHueM Pt HaHOYacTULl, B pe3ysibTare Yero JeMOHCTPUPYIOT BbI-
COKHME 3HaY€HUA (DYHKIIMOHAJIbHBIX XapaKTEPUCTHK.

KuroueBble cj10Ba: MIIaTHHOCOAEPKAIIME DIIEKTPOKATAIN3ATOPBI; YTIIEPOIHBIN

HOCHUTCIIb, JOIIMPOBAHUC a30TOM.

[TopucTteie yriepoaHbie MaTepHUalibl HAM00JIEe YaCTO MCTOIB3YIOTCS B KQ4eCTBE
HOCUTEJIECH ISl TIJIATUHOCOIEPIKAIIMX DJICKTPOKATAIN3aTOPOB, TPUMEHSIEMBIX B HU3-
KOTeMIIEPaTypHBIX TOIUIMBHBIX JJEMEHTaX C IPOTOHOOOMEHHONW MeMOpaHO
(ITOMT?D) [1]. OcHoBHBIE TpeOOBaHUS, IPEABIBIICMBIC HOCHTEIIO IS DJIEKTPOKa-

TAJIU3aTOPOB, BKIIOYAIOT BBLICOKYIO INIOIIAAL IMOBCPXHOCTH, OITHMAJIBbHYIO IIOpPH-
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CTOCTb, TTO3BOJISIONIYIO0 00ECTIEUNTh MOABOJT PEAreHTOB U OTBOJ MPOIYKTOB TOKOOO-
Pa3yIoMUX peakinii K/OT HAHOYACTHI] TJIATHHBI, BHICOKYIO AJICKTPOHHYIO TIPOBOJIU-
MOCTb, @ TaKXK€ MPUEMIIEMYIO KOPPO3UOHHYIO CTOMKOCTh B YCIOBUAX IKCIUTyaTalluu
[TIOMT?D [1]. OgauM u3 HamboJiee MHUPOKO UCIOJIb3YEMbIX HOCUTENEH SIBISIETCS YT-
nepomHas caxka Vulcan XC-72. Tem He MeHee, TOUCK HOCUTEIIEH, KOTOPBIC MTO3BOJIHU-
au Obl oyunth Pt/C karanm3aTtopsl, 00jee yCTOMYUBBIC K ACTpajaluy 10 CpaBHE-
Huto ¢ Pt/Vulcan XC-72 sBisercs BechbMa akTyaJdbHBIM. boiiee Toro, mpearmoiaraet-
Cs, UYTO pa3paboTKa HOBBIX YIJIEPOJAHBIX MATEpUAJIOB C OCOOBIMH (PU3UKO-
XUMUYECKUMU CBOMCTBAMHU MOXET MPUBECTU K MOBBIIICHUIO HE TOJIHKO CTaOUIIbHO-
cTH, HO 1 akTuBHOCTH Pt/C karamu3aropos [1].

Cpenu pa3IM4HBIX MyTeH pelieHus mpobieMbl gosroBedHocTr Pt/C karamusa-
TOPOB BXKHOE MECTO 3aHUMAET MOUCK 00Jiee CTAOMIIBHBIX YIIIEPOAHBIX HOCUTENEH, B
KauecTBEe KOTOPBIX YaCTO PACCMATPUBAIOTCS TpaUTHU3UPOBAHHBIC WM MOJUDUITU-
POBaHHBIC YTIEPOJHBIE MaTEPUAIIbI, YTJIEPOJAHbIC HAHOTPYOKH WJTU PA3IMYHBIC BUJIBI
rpadena. Tak xe B MocieIHee BpEMsSl pacTeT MHTEPEC MCCIEAOBATENEeH K MOBbIIIE-
HUIO CTAOUIIBLHOCTH «OOBIYHBIX)» JAUCIEPCHBIX YTIIEPOJHBIX MATEPUATIOB 3a CUET J0-
MMAPOBAHUS UX MIOBEPXHOCTHBIX clIOeB rerepoaTomamu N, P, S.

Hamu Ob11a n3ydyena aktuBHOCTh B PBK 1 cTaOMIBHOCTD B KUCIHBIX 3JEKTPOIIU-
Tax IUIATUHOCOJEPXKAIUX  DJIEKTPOKATAIM3aTOpOB Ha OCHOBE HOBBIX N-
JIETUPOBAHHBIX HOCHUTEJICH: JOMUPOBAHHOTO a30TOM IpadUTU3UPOBAHHOIO YIJIEpOja
KetjenBlack EC DJ-600 (Pt/C-N1) u N-neruposannoro rpadena (Pt/C-N2) [2].

[Tonyuennbie Pt/C maTtepuansl Ha ocHOBe N-yriiepogHbBIX HOCHTENCH XapakTe-
PH30BAIMCh PABHOMEPHBIM pacipeeieHUeM HAHOYACTHIl TIJIaTHHBI Ha MOBEPXHOCTHU
Hocutenel (puc. 1). O6paser; Pt/C-N1 npoaeMOHCTpUpOBa 3aMeTHO 00Jice BHICOKHE
AKTUBHOCTb B PEAKIMH DSJIEKTPOBOCCTAHOBJICHUS KHCJIOPOJA W CTAOMJIBLHOCTH IO
CPaBHEHMIO HE TOJBKO C JAPYTMMHU CUHTE3MPOBAHHBIMU MaTepUaiaMu, HO U C KOM-
MEpPUYECKUM aHAJIOroM [2]. YuuThIBasi, 4TO JOMUPOBAHNUE HOCUTEIICH a30TOM yiIydlla-
€T B3aMMOJICHCTBUE KATATUTUYECKOTO CJI0SI C HOHOMEPOM, MOXKHO ToJiaraTh, 4To Ta-

KoM KatanuzaTtop OyaeT 3QpheKTruBeH B MEMOPAHO-3JIEKTPOTHOM OJIOKE.
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Puc. 1. HpOCBe‘-IHBaIOHIaﬂ QJICKTPOHHAA MHUKPOCKOIIMA PA3JIMIHBIX YYAdCTKOB

MOBEPXHOCTH TUIATHHOYTIIEPOIHBIX KaTtanu3atopoB: P/C-N1 (a — B), Pt/C-N2 (r —e).

VYrnepoaHsle MaTepuaibl A UCCIEA0BaHUS ObUIM MPEIOCTABIECHbI COTPYIHU-
kamMu TaMOOBCKOro rocyJapCTBEHHOrO TexHU4eckoro yHusepcurera (TkaueB AT,
Heckopomuast E.A., Menexuk A.B.) u Unctutyrom karammza CO PAH (I'puGos
E.H., Mansiiera H.B.).

*Uccnedosanue 6blNOIHEHO Npu QUHAHCOB0U No0depicke Murnucmepcmesa

HayKu u evicuieco obpazosanus P 6 pamkax 2ocyoapcmeeHH020 3a0anus 8 cghepe

HayuHot deamenvrocmu Ne 0852-2020-0019.
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EFFECTIVE CARBON SUPPORTS
FOR PLATINUM CONTAINING ELECTROCATALYSTS

ABSTRACT
The behavior of Pt/C-N electrocatalysts obtained by platinum deposition on ni-
trogen-doped carbon supports has been studied. The catalysts based on the modified
support are characterized by a uniform spatial distribution of Pt nanoparticles, as a
result of which they demonstrate high values of functional characteristics.
Keywords: platinum-containing electrocatalysts; carbon carrier; doping with ni-

trogen.
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AHHOTAIUA

Pazpaborana sa¢dextuBHasg 100aBKa B IEHOOETOHHYIO CMECh Ha OCHOBE MECKa, MO-
T(QUIIMPOBAHHOTO YTIIEPOTHBIMU HaHOTpyOKamu. B pabote ObLTM MCCenoBaHbl mapa-
METpPBI TIOTYYSHUSI ¥ BHECEHHSI HAHOMOAU(DUIIMPOBAHHOW TOOABKU U OTPEIEeNICHbI MeXa-
HUYECKUE XAPAKTEPUCTUKU MEHOOETOHOB. MakcUMalIbHBIN MPUPOCT MPOYHOCTU HA CHKa-
tue (~ 35 %) u npounoct Ha w3ruod (~ 32 %) Habmronaercs npu BHeceHnu 1 % macc.
HaHoJ100aBkU dpakiueit 0,16 mm.

KuroueBblie ci10Ba: neHOOETOH; MECOK; YTIEPOAHbIE HAHOTPYOKH; MPOYHOCTh

Ha C)KaTHE U HA U3ruo.

B pe3ynbraTe MHTEHCUBHON ypOaHU3allMU CTPEMUTENLHO YBEIMUUBAIOTCA 00b-
€MBbI TOPOJICKOTO CTPOUTENBCTBA, MOATOMY OOBEKTUBHO BCTAET Ipobiema obecreue-
HUS BBICOKOTO KauecTBa MPHUMEHSEMBIX CTPOUTENbHBIX KOMIO3ULMN. BaxHbIM
HAIpPaBJIEHUEM MOBBIIIEHUS 3P (HEKTUBHOCTH U ONTUMH3ALUN CBOWCTB CTPOUTEIBHBIX

cMecel ABIISIeTCs] IPUMEHEHHE B KaueCTBE MOJIM(PUKATOPOB Pa3IUYHbIX HAHOMATEPH-
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aJIOB, @ UMEHHO, yriaepoaHbix HaHOTPYOOoK (YHT). Mexanuueckas Npo4HOCTb, yaap-
Hasl BSI3KOCTh WU yJelbHasi MOBEpXHOCTh YHT HaMHOTO mpeBOCXOAST TaKOBBIE IS
npyrux HaHoBOJIOKOH [1]. Sedaghatdoost et al. [2] cooOmumu, uto 0,1 macc. % YHT
MOJKET MOBBICUTH MPOYHOCTh HA CXKATHE, MPOYHOCTh HA Pa3pbiB, U MPOUYHOCTH II€-
MEHTHOTro pactBopa Ha u3rub 1o 35 %, 8 % u 11,2 %, cooTBETCTBEHHO, TOCie 28
nHen oreBepxkacHuA. YHT mokpeita ruipatupoBaHHbIM IPOIYKTOM, KOTOPBIM CBsI3aH
0 BCel ee MoBepXHOCTHU B 11ejoM. B cBsi3u ¢ ueM, YHT crnocoOHa ycKOpsTh peakiuuu
rujpartanuu 3a cuet s dexra 3apoabieodpazoBanus. bonee Toro, YHT ymensinaer
o01uit 00beM TOp U CPEAHUN JUAMETP MOP HEMEHTUPYIOIINX MaTepUaliOB B PE3YIib-
tare 3¢dekra 3anonHenus [3]. [Ipeanonoxurensno, YHT BeicTynamoT B KauecTBe
COEIMHSIOMINX MOCTOB MEXIy TPEIIMHAMU M MyCTOTAMHU B MOPUCTHIX MAaTpULaX Ha
ocHOBe 1ieMeHTa. OJIHaKo, TIoXas AUCIEPTUPYEMOCTD SIBISIETCS OOJBIIMM HEAOCTAT-
koM YHT [4]. bonee toro, arnmomepanus YHT npuBoaut k oOpa3oBaHHIO KOHIICH-
Tpaluy HANPSHKEHUN, YTO MPUBOAUT K MPOSIBICHUIO TpelnH. CaeqoBaTeabHO, BaXKHO
IIOY4YNTh OJHOpOonHOE pacnpeneneHne YHT [S]. Ansg nocTmkeHus 3TOW LENH Npo-
ueccel BBeAeHuss YHT B marepuansl HAa OCHOBE LIEMEHTA NPUXOAUTCS YCIIOKHATH, B
YaCTHOCTH, O0OS3aTEeNIbHBIM  MCIIOJIb30BAaHUEM TMPHUCATOK WIA TMOBEPXHOCTHO-
axkTuBHBIX BeniecTB (IIAB), a Taxke nmpeaBapuTENbHON XUMUYECKON (PYyHKITMOHATH-
3auuent YHT.

OnHako, CymeCTBYET BO3MOYKHOCTh HCHOJIB30BaHUSI MPUHIMIIAAIBHO WHOTO
MOX0/a K pemieHuto 3anadyn 3¢gdektuBHOro romorenHoro Baeapenus YHT B 1e-
MEHTHBIE MaTpullbl. OH 3aKIIOYaeTCsl B peald3alnM IMpolecca MpeaBAPUTEIHLHOTO
BoIpanuBanus YHT Ha yacTuiax mecka mnepena ero J00aBjIeHUEM B IIEMEHTHBIN pac-
tBOp. CuHTe3 YHT Ha mecumHkax BO3MOXKHO ocyllecTBUTH MeTogoM CVD, npensa-
PUTEIBHO MPOMUTAB MECOK KaTaJIM3aTOPOM POCTa HAHOTPYOOK W HCIOJB3Yys B Kaue-
CTBE YTJIEPOJICOACPIKAIIETO ChIPhs MPOMaH-OyTaHOBYIO cMech. KiIto4eBbIM Mpenumy-
IIECTBOM JIAaHHOTO MOAXOJa SIBJISIETCS pealibHasi BO3MOKHOCThH IMPOMBIILIEHHOTO
MPOU3BOJICTBA HAHOMOAM(DUIIMPOBAHHBIX IEMEHTHBIX MaTEpHUAJIOB, O00JIAAOLINX
KOMILJIEKCOM YIIYYIICHHBIX (DU3UKO-MEXAaHHMUYECKUX M IKCIUTyaTallMOHHBIX XapaKTe-

PHUCTHK, 0e3 HCIIOJIL30BAHUS TPYAOCMKHUX M 3KOHOMHUUYCCKU 3aTpPAaTHBIX CTaJII/II\/'I XH-
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mudeckoit pyHkiuonanuzanuu YHT, ucnonb3oBanust [IAB u uHBIX (yHKIIMOHATB-
HBIX IPUCANIOK.

[{enb HACTOAIIETO UCCIIEIOBAaHUS 3aK/II0YaIach B pa3padOTKe COCTaBOB U METO-
JUK TOJTYYeHHs] HaHOHAMOJIHUTEICH Ha OCHOBE MECYaHOTO HAMOJIHUTENS, MOAU]U-
[IUPOBAHHOTO YIIEPOAHBIMU HAHOTPYOKaMU, /7S yIAyUIIEHUs (PU3UKO-MEXAaHUYECKUX
U DKCIUTyaTallMOHHBIX XapaKTEpUCTHK MeHOOEeTOHOB. B pabote mpuBeneH cpaBHU-
TeNbHBIA aHaIM3 JBYX MpPEAaraeéMbIX TEXHOJOTUNH HAaHOMOIU(UIIMPOBAHUS IECKa
(Tabn. 1), oCHOBaHHBIX Ha Pa3HBIX METOAAX MOJYy4YEHHs KaTanuzaropa pocta YHT

(tepmuyeckoro paznoxxenus (TP) u 30mb-rens (31)).

Tab6n. 1. TexHOTOTMY HAHOMOIU(PUIIMPOBAHUS TTECKA.

Bapuanr 1

Bapuanr 2

Cocras KaTajm3arTtopa

CoMo-(MgOAI,03)

NiCo-MgO

Pe:xxuMHBIE MapaMeTpbI

- CMEIIeHHEe KOMIIOHEHTOB
KaranusaTtopa npu 60 oc;

- MpOKAIMBAHHE IeCKa MPHU
200 °C;

- MIPOIUTKA NIECKa pacTBOPOM
karanuzatopa (140 °c1 qac);
- TPOKAJIMBAaHWUE WMIIPETHHU-
posarHoro mecka (600 °C 1
qac);

- cu"re3 YHT Ha nmosepxHo-
CTH Tiecka (ra3oBasi CMeCh —
npomnaH-OyTaH, BpeMs MHPO-
nu3a — 30 muH, Temmneparypa
npouecca — 650 °C);

- HU3MEeJIbYEHUE U IPOCEUBa-
HUE KOHEUHOTO MPOAYKTa.

- CMEIIEHUE HCXOJHBIX KOM-
MOHEHTOB KaTallu3aTropa Mpu
80°C 3 qaca;

- NpOKaJMBaHHE IE€CKa IpU
200 °C;

- MIPOIIUTKA [IECKa PacTBOPOM
katanmsartopa (140 °C1 4ac);
- TMPOKAIMBAHUE WMIIPETHH-
poBaHHOro mecka (500 °c -
550 °C 1 uac);

- cunre3 YHT Ha moBepxHo-
CTHM mecka (ra3oBas CMeChb —
MpornaH-0yTaH, BpeMs MHPO-
mu3a — 30 muH, Temmneparypa
npouecca — 650 °C);

- W3MEJIbYEHUE U IPOCEuBa-
HHE KOHEUYHOTO POAYKTA.

Jlnst monmydyeHuss meHoOeTOHAa WCMHOJb30BaM TopTiananemMeHT tuma (MS500)
(EBpouement, benropon, Poccus), rpaauentssiii necok (Stone Flower Co., Mockaa,
Poccust), nennbiit arentr (MAXPEN, Poccus). B cmech BHOCHIIM MPOIIEHT HAHOMO-
mudumupoanHoro rmecka — 0,2, 0,5, 1, 2 % (ot ob6mieit maccrl mecka) dhpakmueii 0,63,
0,315, 0,16 mm. CooTtHomienue "Boaa/nemeHT" cocrasisuio 0,4. [Iporecc mpuroTos-

nenus ocymectBisu myreM cmemmBanusa 700 T nementa ¢ 700 r nmecka, ¢ mocieny-
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I0IMM JT0OABJICHHEM BOJIBI JIJIsi IPUTOTOBJICHHS pacTBOpa M MeHooOpa3oBatens. be-
TOH MOMEIANN B mpusMatudeckyro Gopmy (40x40x160 mm). O6pa3ibl U3BICKAIH
gyepe3 24 9 moce JUThS U TOTrPYKaJIM B BOJY JUISL OTBEPXKIACHHUS MNP TEMIIepaType
(23 +2°C) mo TOCT 31108-2016. [IpouHOCTh Ha M3TKO W HA CYKATHE OTPEICTISIIIH 110
I'OCT 310.4-76 ¢ ucnoiab30BaHHMEM OJHOOCHOM HMCHBITATSIIBHOM MAIMHBI MOIIIHO-

cteto 2000 kH u npumensiemoit Harpyskoi 0,4 MlIla/c.

18 6

>

N

= N N £ =
1 X B £ < W€ p=
E 12 w\\\ /A\ /\\Q g ¢ = N W § =
E. A /A A = N N :-_:;;;:;%u N /\ JHJJ\
N N N N N N AN AN
: . - » = = & B B
20,63 (TP) O‘zunrl,3|5(T(:;;s En,lﬁ(lTP) 0 =0,63 ("::i’) un0,3|5t::|>)§0,16(1“ll’) 2
0,63 mm (30) % 0,315 mm (37) % 0,16 mm (3I) 10,63 (3I) 20,315 (3IN) ® 0,16 (31N
a) 0)

Puc. 1. Bmuaaue texHonornn karanmsaropa pocra YHT, npouenrta BHeceHus u

(dpakuuu recka Ha MPOYHOCTH Ha cxkaTue (a) u Ha u3ruo. (0)

MakcumanbHbId IPUPOCT MPOUYHOCTH HA CHKATHE HAONIOAAETCS TPU BHECEHUH |
% Macc. HaHoMoaupUIMpoBaHHOTO necka ¢pakuuu 0,16 MM U UCTIOJIH30BAHUU Me-
TOJIa TEPMUYECKOTO PA3JIOKECHUS: MPOYHOCTH HA cxatue ~ 35 %, NpOYHOCTH Ha U3-
6 ~ 32 %. Takum 006pa3om, FIKCIIEPUMEHTAIBHO JI0Ka3aHO, YTO TEXHOJIOTHS TePMHU-
YECKOT'0 Pa3JIoKEHUS MPEAKATAIN3ATOPa MTO3BOJSET CHHTE3UPOBATh HA MIOBEPXHOCTH
MeCYaHOTO HOCUTENS  YIVIEpOAHBIA HAaHOMAaTepHall, KOTOpbI CIOCOOCTBYET

HauOO0JIbIIEMY MPUPOCTY MOKA3ATENCH MPOYHOCTH TEHOOETOHOB.

Cnucok Jqureparypbl
1. Experimental and mechanical analysis of cement-nanotube nanocompo-
sites / J.H. Lee, B.G. Lee // Bulletin of Materials Science, 2017, Vol. 40(4), pp. 819-
829.
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2. Mechanical properties of Portland cement mortar containing multi-walled
carbon nanotubes at elevated temperatures / A. Sedaghatdoost, K. Behfarnia // Con-
struction and Building Materials, 2018, Vol. 176, pp. 482-489.

3. A review on the chemical, mechanical and microstructural characteriza-
tion of carbon nanotubes-cement based composites / O.A. Mendoza, R. Reales,
T. Filho // Construction and Building Materials, 2017, Vol. 154, pp. 697-710.

4.  The effect of compatibility and dimensionality of carbon nanofillers on
cement composites / A. Amr, M. Birenboim, R. Nadiv, M. Buzaglo, S. Peretz-
Damari, A. Peled, O. Regev // Construction and Building Materials, 2020, Vol. 232,
117141.

5. Dispersability and particle size distribution of CNTs in an aqueous surfac-
tant dispersion as a function of ultrasonic treatment time / K. Beate, M. Mende,
P. Potschke, G. Petzold // Carbon, 2010, Vol. 48(10), pp. 2746-2754.

EFFECTIVE FOAM CONCRETE NANO-ADDITIVE BASED
ON SAND MODIFIED WITH CARBON NANOTUBES

ABSTRACT

An effective foam concrete additive based on sand modified with carbon nano-
tubes was developed. In the work, the obtaining parameters and inputting a nanomod-
ified additive were investigated and the foam concrete mechanical characteristics
were determined. The maximum increase in compressive strength (~ 35 %) and flex-
ural strength (~ 32 %) was observed with the introduction of 1 wt. % nanoadditives
with a 0.16 mm fraction.

Keywords: foam concrete; sand; carbon nanotubes; compressive and flexural

strength.
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HSy‘-IGHO BJIMSHHUC MO,Z[I/I(I)I/IKaHI/II/I AJIIOMUHHUCBBIX TOKOCBCMHHUKOB YIJICPOAOM

Ha SJICKTPOXUMHNUYCCKHUC XAPAKTCPUCTUKU KAaTOAOB IJIA JINTUN-UOHHBIX AKKYMYJIATO-

POB. yCTaHOBHCHO, 4TO HAHCCCHUEC TOHKOI'O MOKPBLITUA CAKN WM YTJIICPOAHBIX HAHO-

TPY6OK Ha IIOBCPXHOCTb TOKOCBCMHHKA IIPUBOJAUT K CHHUKCHHUIO COIIPOTHUBJICHUA I10-

Jy4aeMbIX Ha HUX KaToJ0B Ha ocHoBe LiIFePO, n yBenmn4yeHHIO MX yIEIBHONW €MKO-

CTH IPHU BBICOKUX CKOPOCTSX 3apsiaa/paspsaa. Hanecenue yriepoaa Ha MOBEPXHOCTh

TOKOCBHCMHUKA ITO3BOJIAACT 3HAYUTCIIbHO CHU3HUTD O6HI€€ COACPKAaHUC yIJICpOoJa B Ka-

TOAHOM KOMIIO3UTEC, TEM CaMbIM ITOBBICUB YACIIbHYIO DOHEPTOCMKOCTb aKKYMYJIATOPA.

KuaroueBble cjioBa: yriaepoaHble HAHOTPYOKH; JTUTUH-UOHHBIE aKKyMYJISITOPBL;

dbeppodocdar TuTHSI; TOKOCHEMHUK; YACIbHASI €MKOCTb.

JInTui-noHHbBIC AKKYMYJBITOPBI OTHOCATCA K HauoOosee ICPCIICKTUBHBIM 3JICK-

TPOXUMHUYCCKHMM HCTOYHHUKAM TOKa A OJJICKTPOTPAHCIIOpTAa M MIPOMBIIIICHHBIX

HaKOIIMTEJICH QJICKTPOSHCPIUH. KirodeBbIM 351€eMEHTOM AKKYMYJIATOpPA ABJISICTCS Ka-
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TOJI, B COCTaB KOTOPOTO BXOAMT AJIEKTPOXUMHUYECKH aKTHUBHBIA KOMIIOHEHT, a TaKKe
CBSI3YIOLIUE U 3JICKTPONMPOBOASIINE 100aBKU. [ co3/1aHusl BBICOKOEMKUX aKKyMy-
JSTOPOB TpedyeTcst oOecrneynBaTh He TOJIBKO BBICOKHN YPOBEHb 3JEKTPOIPOBOIHO-
CTH KaToJia, HO 1 ero 3((EKTUBHBIN NEKTPHUUECKUNA KOHTAKT C TOKOCHEMHUKOM.

B nannoii paboTe u3y4eHbl XapaKTepUCTUKU KaToI0B Ha OCHOBE (heppodocdara
mutust (LiFePO,), noaydyeHHbIX Ha pa3inyHbIX TOKOCHEMHHMKAX — TPaJWLIMOHHO HUC-
MOJIb3YEeMOM aTIOMUHUEBON (POJbre M alMOMHHHEBOU (HOJIbre, MOKPBITOM TOHKUM
CIOEM CaKHl WIH YIIepOAHBIX HaHOTPYOok (0.01 Mr/cM®). DIeKTpoXHMHUYECKHe
CBOWCTBA KaTOAOB UCCIIEI0BAIN B MOTYSTUEHKAX C METAIUTMYECKUM JIUTHEM.

Monupukamnusi TOKOChEeMHUKOB Pa3IUYHBIMU (popMaMu yriiepoia mMpUBOAMIIA K
YBEJIIMYEHUIO YEJIbHBIX EMKOCTEH KaTOJIOB MPH BBICOKMX IUIOTHOCTSAX ToKa (puc. 1),

YTO MO3BOJISIET COKPATUTh BpEMs 3apsiaa/pa3psiia akKyMyJaTopa.

160 - c/3
140—‘
120:
100:
80—.
60-

404

YaenbHas eMKOCTb, MAY/T

20 4—o— Al TOKOCBLEMHMK

1—=— Al / C TOKOCbeMHUK

Jmem———e
0 5 10 15 20

Homep umkna

Puc. 1. YnenpHas eMKOCTh KaTo0B Ha ocHoBe LiFePO,, momy4yeHHBIX Ha HEMO-
TUOUITUPOBAHHOM U MOKPHITOM YTJIEPOJIOM aTFOMHUHUEBOM TOKOCHEMHHKE B 3aBUCH-

MOCTH OT CKOPOCTH 3apsina/paspsiaa (C/3 — 3 uaca, 20C — Y/, uaca).

[Tomy4yeHHbIE KaTOABI JOMOJHUTEIBHO OXapaKTEPU30BAHBI METOJOM DJIEKTPO-
XUMHUYECKON HMMIIETAHCHON CIEKTPOCKONMU U W3MEPEHUSMHU BHYTPEHHEro COMpo-
TUBJICHUS. Pe3ynbTaThl yKa3blBalOT HA CHHXKEHUE COMPOTUBIIEHUS KaTOJOB B PE3YJib-

TaTte MOAU(PUKAIMHI TOKOCHEMHUKOB YTJIEPOIOM.
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BinsHre TMna TOKOCHEMHUKA M3YYEHO JJIsl KaTOJIOB Pa3IMYHOIO COCTaBa, OT-
nugaromuxcst Mmopgosorueit yactui LiFEPO,4, THIIOM M KOJIHMYECTBOM HCIIOIb3yEMbIX
MOJIMMEPHBIX CBA3YIOMIMX U JEKTPONPOBOISAIIMX KOMIIOHEHTOB. BiusHue npuposi
TOKOCHEMHUKA B HAWOOJBIIEH CTENEHH MPOSBISAIOCH ISl KaTOAOB, COAEpPKALIUX
HU3KHE KOJIMYECTBA MPOBOJAIIMX KOMIIOHEHTOB M XapaKTEPU3YIOUIMXCS HU3KUMHU
3HAUYECHUSMH AJIEKTPOIPOBOIHOCTH. TakuMm oOpa3oM, pacripeiesieHue yriiepoia B BU-
JI€ TOHKOT'O CJIOSl Ha MOBEPXHOCTU TOKOCHEMHHUKA MO3BOJIIET MHOTOKPATHO CHU3UTH
oOlee copepkaHue yriepojia katojie 0e3 yXyJIIIeHUs ero JJIEKTPOXUMUYECKUX Xa-
PAKTEPUCTHUK, YTO MOKET JIEKAaTh B OCHOBE MOJIYYEHHS aKKyMYJIATOPOB C MOBBILLIEH-
HOM yZIEJIBHOW 3HEPTOEMKOCTBIO.

*Paboma evinonnena npu noodepocke Poccuiickoeo Hayunoco gponoa (npoexm

Ne 17-73-30006).

CARBON-COATED ALUMINUM CURRENT COLLECTORS
FOR THE Li-ION BATTERY CATHODES

ABSTRACT

We report that coating aluminum current collectors with carbon results in the
enhancement the electrochemical performance of Li-ion battery cathodes. Thin car-
bon black or carbon nanotube layers deposited on the current collectors reduces the
resistance of the LiFePO,-based cathodes prepared on them resulting in the increase
in specific capacity at high charge/discharge rates. Deposition of the carbon to the
current collector allows to reduce the total amount of carbon in the composite cath-
ode, thereby enhancing the specific energy density of the battery.

Keywords: carbon nanotubes; Li-ion battery; lithium iron phosphate; current

collector; specific capacity.
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AHHOTAIIUA

B pabote paccmarpuBaeTcs METOAMKA HUCCIEIOBAHUS CTENEHH OTBEP KICHUS

AMOKCUIHBIX 00pa3Il0B C MCMOJIb30BaHUEM TpadeHa, oopadotaHHoro ogom. CyTh

MCTOJA 3aKIIYacTCA B U3YUYCHHUH N3MCIIBUCHHOI'O MaTCprala U paCTBOPCHHUHU MATC-

puaiia, y KOTOpOro B X0JI€ pEaKIMH MIPOLIECC OTBEPKICHUS HE 3aKOHUMJICS.

Karuessle ciioBa: «TayHur-I' My; creneHb OTBEPKACHUS; IOJIUMED; OTBEPAHU-

TeIb; o0pa3ell.

AnpTepHaTHBA UCTIOIB30BaHMS rpadeHa U yriaepoHOTO HaHOMAaTepuasa B Iie-

JIOM, Ha Cel"O,Z[HSIH_IHHﬁ JACHB BBITJIAIUT BIICUYATIIAIOIIC. JlaHHBIfI MaTcpural HE TOJbKO

OY€Hb MPOYHBIN, HO U YCTONYMBBIN K U3HOCY. [Iprmensis u 1o0asiisist HEOOIBIIOE KO-
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anyecTtBO YHM, MOXKHO yJIydIINTh HE TOJIBKO MEXAHUYECKHE, HO M JJIEKTPONPOBO-
JSIIUE XapaKTePUCTHUKHU.

HccnenoBano BiusiHWE HAaTUBHBIX U HoaupoBaHHbIX YHT «Taynut-I'M» Ha
CTENEHb OTBEPKICHUS 3MOKCUAHO-IUaHOBOM cMmoJibl Mapku «BFE—170» ¢ yckopuTe-
JIeM TIOJIMMEPU3AIM AMUHHOTO THUIIA, UCIIOJIb3yeMOI0 B KaU€CTBE OTBEPAUTENS Map-
ku «YI1606/2». CterneHb OTBEPkKACHUS TOTOBBIX 00Pa3IioB ONPEISIsi SKCTPAKIIUCH
OCTaTOYHBIX MOHOMEPOB M HHM3KOMOJICKYJISIPHBIX COCJUHEHHUN M3 H3MEJIbUEHHOTO
MOJIMMEPA AllE€TOHOM.

Hagecky (1,0000 r) u3menbueHHOTO Marepuana 3aiuBaroT 20 Ml alleToHa U
DKCTPArupyroT B TeyeHue 24 4. [lo mcredeHnM BPEMEHM DKCTPArupOBAaHUS OCTaB-
IIUICS alleTOH CIIMBAETCS, MaTeprall MPOMBIBaeTCs arleToHoM (20 MJ1) ¥ BBICYIIMBA-
etcst ipu Temmepatype 80 °C. Ilepen B3BemmBaHueM 0Opasel] BHICTAUBACTCSA B CY-
mwibHOM TKady 110 crabunu3anuu Macchl. [locie 4ero BBICYIICHHBIA OCTATOK
B3BEIIMBAIOT ¢ TOYHOCTHIO 10 0,0001 r. M3MeHeHne Macchl pacCYMTHIBAIOT 1O (op-

MyJIe:

m, —m,
Am = —— X 100%,
m

H
rae M, ¥ M, — HayaJabHasi 1 KOHEYHAsl Macca HaBECKHU.

CrerneHb OTBepkI€HUS paccuuThiBaeTcs no popmyne: X = 100 — Am.

Hcxoas u3 MoaydyeHHBIX JAaHHBIX, MOXKHO CYJIUTh O BIUSHUU J00aBOK Ha CTe-
MIEHU OTBEPKJIEHUS SIMOKCUIHON cMOJbl ¢ mobaBkamu «TayHut-I'M» + Hion pa3HbIX
KOHIEHTPAIMH, YUUTHIBASA, YTO YUCTASI CMOJIA UMEET CTETIEHb OTBEPKICHUS MOPSAKA
98 %.

B nHamem skcrnepuMeHTe Mbl UCCIIEA0BANIH:

1) smokcuanas cmona + «Tayaut-I'M» — 1,5 % | (puc. 1);

2) snokcuaHas cmona + « Tayaut-I'M» — 3 % | (puc. 2).
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BFE-170+YN606/2+TAYHUT-TM-1,5% |
99,40%
99,20%
99,00%
98,80%
98,60%

98,40%

CTENEHb OTBEPHAEHWA

98,20%
98,00%

97,80%
1% 2% 3% 4% 5% 6% 7%
MPOLEHT BHEHCEHWA YHT

Puc. 1. Bnusnue konueHtpauun YHT «Taynut-I'M», 00paboTaHHBIX HOAOM
(1,5 %) nHa creneHp OTBepXKACHUS SMOKCUAHOW cMosnbl BFE-170 ¢ oTBepauTenem

V11606/2

BFE—-170+YMN606/2+TAYHUT-TM-3% |

100,00%
99,50%
99,00%

98,50%

CTEMEHb OTBEPHAEHHA

98,00%

97,50%
1% 2% 3% 4% 5% 6% 7%
MPOLUEHT BHEHCEHWA YHT
Puc. 2. Bmusaue xoHueHtpanuu YHT «Taynut-I'M», oOpaboTaHHBIX Ho10M

(3 %) Ha creneHb OTBepxkAcHUsA 3MOKcuaHON cMonbl BFE—-170 c¢ oTtBepautenem

VI1606/2.

HatuBuble YHT «Taynur-I'M» mpakTU4ecKH HE BIMSAIOT Ha CTEIEHb OTBEP-
KIEHUSA, KOTOpasi COCTaBIAET OKOJIO 98 % Kak B YMCTOM MOJUMEpPE, TaK U B HAIMOJI-

HeHHoM. OnHako, YHT «Taynut-I'M» nocie o0paboTku HOAOM B CpeIHEM Ha MPO-

131



HCHT YBCIIMYMBAIOT CTCIICHb OTBCPIKACHHA, YTO JOJIDKHO ITOJIOKHUTCIIBHO CKAa3aTbhbCs Ha

IIPOYHOCTHBIX XapPAKTEPUCTHUKAX.

*Uccnedosanue 6vbinoaneHo npu QuHancogol noodoepxcke PODU 6 pamkax

Hayuno2o npoexkma Ne 18-29-19121.

INFLUENCE OF GRAPHENE IODIZATION ON THE DEGREE
OF CURING OF THE EPOXY MATRIX

ABSTRACT
The paper considers a technique for studying the degree of curing of epoxy
samples using carbon nanotubes treated with iodine. The essence of the method is to
study the crushed material and dissolve the material in which the curing process did

not end during the reaction.
Keywords: «Taunite-GM»; degree of curing; polymer; hardener; carbon

nanotubes; sample.
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AHHOTALIUA

HaHokoMIio3utHbie MaTepHalibl C Pa3HOOOPa3HBIMU  (HU3HKO-XUMHYECKUMU

CBOMCTBaMHU MPHUOOPETAIOT BCE OOJIBIIYIO0 TOMYIIPHOCTh. OTHUM U3 MEPCHEKTUBHBIX
HAMNpaBJICHUN X MTPUMEHEHHUS SIBJIACTCS MPETOMIISIONIAs PEHTTEHOBCKAsl ONTUKA IS
HMCTOYHUKOB HOBOTO MOKOJIEHUSI. CUHTE3 HAHOYTJIEKOMIIO3UTHBIX MAaTEpUAJIOB C MO-
BBIIICHHOM TEPMOPAAUALIMOHHON CTOMKOCTBIO M PACHPEACICHUEM CPEAHEU JJIEK-
TPOHHOM TUIOTHOCTH, OOECIIEYMBAIOIIEH TpeOyemble mapaMeTphbl paccesiHusl PEeHTIre-
HOBCKOT'O M3JIy4YEHUS], ABJISCTCS BEChbMA aKTyIIbHOM U MPAaKTUYECKU 3HAYMMOM 3aj1a-
yeil. B pabore npenayokeHa TEXHOJOTUSI TOJYYEHHUS JIETUPOBAHHBIX YTIEPOIAHBIX
KOMITO3UIIMOHHBIX MaTepuanoB u3 rpadura mapku MIIT-7 nmyrem mmrensHON Mexa-

HOXUMHUYECKOW 00pabOTKH B IIAPOBBIX MEJILHUIIAX.

KaroudeBblie cjioBa: MEXaHOXMMUYECKUIN CHUHTE3; HAHOYTJIEPOAHBIN KOMIIO3HT;

PECHTTCHOBCKOC N3JIYYCHHUC.

B paGote paccMmarpuBanzach BO3MOXXHOCTh IMOTYyYE€HUS HAHOKOMITIO3UTOB Ha OC-

HOBE rpaduTa MyTeM JUIUTEIbHON 00padOTKH B IMIAPOBBIX MEJIbHUIIAX IIMXTOBOU MO-



pOIIKOBOM cMecH B coctase (Bec. %): 10 % rpadura mapxku MIIT-7, 45 % Li,CO; u
45 % AI(OH);. O6paboTka Benmach B BHICOKOIHEPTETHUECKOW MIAPOBOW MEIIBHUIIE
E,.x (Retch Technology, Hamburg, Germany) u mianerapuoit mensuune PM-100
(Retch Technology, Hamburg, Germany) co CTaJpbHOW W aratoBOd TapHUTYPOM.
[TponomxutensHOCTh 00pabOTKH gocTurana 24 yacoB. J[s moiydeHUs 3aJaHHBIX
CTPYKTYp MPUMEHSIIACh OCTAHOBKA Ipoliecca Ha PUKCHPOBaHHOE BpeMs. ONTHMAITb-

HBIC PC3YJIbTAThI OBLIH IMOJIYYCHBI ITPHU OCTAHOBKC KaXX/IbIC 4 gaca.

It '.W ) -I, .|' graphite
/R ¢ | ANOHD;
| % i¢ L 1 L 1 | v | ’L -l, LAl
| N 4 a { LaCOy
o =11 I ' L ) Py
B ] 1 | end
| ‘ 1 '| 1. |
| kl ‘ hl | ks
] .’ ‘ }’ w NM“M}‘. R agate
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Puc. 1. JludpakrorpaMMbl MOPOIIKOBBIX OOpa3lOB JIETUPOBAHHBIX JUTHEM U
ATIOMHHUEM.

Kax mnokaspiBatoT pentreHoBckue wucciuenoBanus (JAPOH-3M, Cu-Ka-
U3JIy4EeHHE), Ha AUPpaKTOrpaMMax MOPOIIKOB HaOIOAaeTcss ociabieHue U yumpe-
HUE NU(PPaKIMOHHBIX MAaKCUMyMOB Irpaduta 1mogao0HO Audpakuud OT amMop(HOro
Marepuana (puc. 1), ocobeHHo mocie oOpabOTKH B BHICOKOIHEPIETHUECKOU BUOpa-
nuoHHo menpHulle E,,,. [Tocne o0paboTku B 1M1apoBO IJIaHETAPHONW MEJLHUIIC TH-
na PM-100 co cranbHOI ¥ araToBOM rapHUTYpoi Ha audpakTorpaMmax OOHApPYKU-
BalOTCs MakcuMyMbl, pucyiime B-dasze (OLIK, crpykrypusiii Tirm NaTl) [1], koTopast
HA PaBHOBECHOW auarpamMme cocTosHus cuctembl Al-Li cyiiecTByer B IIMPOKOM
nauarna3zone KoHuenTpamuii (1o 10 at./% mpu 600 °C 1 HeCKOJIBKO aT. % IPH KOMHAT-

HOH Temmepatype). ®aza miaButcst KOHrpysHTHO BOMM3H 700 °C. COOTBETCTBEHHO,
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MIPU KOMHATHOM TeMIEepaType B Pa3jIMdHBIX 00pasliax B 3aBUCMMOCTH OT COCTaBa U
cocTosiHUS (ha3bl €€ MEPUOJT PEIIETKH MOKeT MeHsAThesa a = 0,637...0,638 am [2]. O6-
pamiaeT Ha ce0si BHUMaHUE, 4TO TeMIeparypa IiaBieHus B-@a3bl BbIle TEMIEpaTy-
pbI TiaBneHus ynuctoro AL Gonee yem Ha 20 °C. IIpu 3TOM B €€ cocTaBe COEPKUTCS
1o 50 ar. % Li (aromapubIii HOMep 3, aroMHas Macca 6,97). [locnenuuit hakrop cy-
IIECTBEHHO MOHMXAET CPeIHEE aTOMAapHOE MOIJIONIEHUE (paccesiHue) peHTI€HOBCKO-
ro M3JIy4YeHUsl o0pa3lloM M3 TaKOIo CIJIaBa, TaK KaK OHO MPOMOPIHOHAIBEHO BEH-
une Z2, rie Z — cpeIHeB3BEIICHHBINA aTOMHbIH HOMEp 2JIEMEHTa B cIuiase [3].

B pabote n3 MXC noponikoB METOAOM THIIPABINYECKOTO MPECCOBAaHUSA ObLIH
M3TOTOBJICHBI KOMIAKTHI B BUjE Ta0bneTok guamerpom 10,0 + 0,1 mMm u tonmmHoM 1,5
+ 0,5 MM (B 3aBUCUMOCTH OT KOJIMYECTBAa CUHTE3UPOBAHHOIO IMOpoIKa). PeHTreno-
rpaduuecku Ha YHY (yHukanbHas HayuyHas yctaHOBKa) «HayuHo-00pa3oBaTenbHbIN
MHOTO()YHKITMOHAJIbHBIN KOMIUIEKC MOJATOTOBKU U MPOBEJICHUS CUHXPOTPOHHBIX HC-
cienoBanuit» («Synchrotron Like») ¢ mpumeHeHrneM peHTT€HOBCKOTO UCTOYHUKA Ha
xuakoMm anoae (Excillium MetalJet D2, npousBogutens Excillum AB, Swedish
corporation) ObUTH HCCIIEIOBaHbI CBOMCTBA MOTJIOMICHUS (TIPOMYCKAHUS) CHHTE3UPO-
BaHHOTO Martepuasa (Tadnetku). CrnekTp Marepuana nocie oopadotku B Emax cos-
MajaeT co CIEKTPOM Marepuaia mnocie 0opadotku B PM-100 co cTanbHOW TrapHUTY-
POH.

[Tornomaromnye cBOMCTBAa TaOJIETOK OBLUIA PaCCUMTAHBI JJIs1 OCIA0JCHUS] UHTEH-
CUBHOCTH n3nydeHus Gay,; ¥ MPUBEICHBI B TA0. 1.

Jlns ucciaegyemMoil cmecu OBUIM pacCuMTaHa CPEIHEB3BEIICHHAs aToOMapHas
Macca criaBa (tabnerku) = 16 a.e. 910 3HaUeHUE 0YeHb OJIM3KOE K 3HAUCHUIO XHUMH-
YECKOTO0 3JieMeHTa kuciopoaa 15.999 a.e.

CormacHO JaHHBIM UCTOYHMKA [4] MaccOBBI KOAPHUIIUEHT MOTJIONICHUS KHC-
nopoza (W/p) = 11,5 eM*/r 1t hge,(CU) = 1,54178 A, wp=1,24 cM’/r 1151 Agep(MO) =
0,71069 A. B mepepacuete Ha A,,(Ga) = 1,34377 A nomyuaem p/p = 7,50 cM?/r. D10
MEHBIIIEC SKCIICPUMEHTAIBHBIX 3HAYCHUH LU/ Py = 9,457 CMZ/F, W perans = 10,086 cM2/T

U W Parar = 9,257 cMAT.
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Tab6n. 1. Xapakrepuctuku marepuana nocie MXC, nerupoBaHHOTO JIMTHEM U

ATIOMUHUEM.
Oo6pabotka | O6pabotka B PM-100 co | Obpabotka B PM-100 ¢
XapakTepucTUKu . . N o
B Ejax CTAJILHOUM TapHHUTYPOI araToBOW FapHUTYPOM
ITormomenmue,
0,949 0,946 0,929
1-1/1,, £ 0,005
+
HJ‘IOTHOCTBé_ 0,01 1,94 2,00 191
r/cMm
[Tokazarensb morJonie-
1 20,17 17
aus k, £ 0,01, 1/cm 8,35 0 68
MaccoBsriii k03¢ duim-
eHT ocnabnenus Wp, £ 9,45 10,09 9,26
0,01, eM*/r

JInst OLIEHKW CPETHEB3BEIICHHON aTOMHOM MAacChl MPUMECHBIX JIEMEHTOB OIlE-
HAM CYMMapHYyK aTOMHYIO MacCy 3arpy3Kd, COOTBETCTBYIOIIYIO AKCHEPUMEHTAIb-
HBIM 3HaueHusIM. Bocmonb3yemcs Tabnuiiei u 1BoriHoN Koppessuueit. [Toayaum as
HKCIIEPUMEHTAIbHBIX 3HAYCHHUH W/ Pyax = 9,457 CMZ/F, W perams = 10,086 eM?/T U W Parar
= 9,257 eM?/r COOTBETCTBYIOIIME CPEAHEB3BENICHHBIE aTOMHbIE Beca 17,228; 17,102;
17,623 a.e.

TeopeTnuecknil KOMIIBIOTEPHBIM pacyeT C MCIIOJIb30BAHUEM CIIEUAIIBHON IIPO-
rpamMMbl U 0a3bl JaHHBIX [5], JaeT MOTJIOMATEIbHYI0 CIOCOOHOCTD ISl TpaduTa, co-
OTBETCTBYIOIIYIO TOJIYUYEHHON AKCIIEPUMEHTAIBLHON TIOTHOCTH Topsiaka 45 — 50 %,
YTO MOYTH B 2 pa3a MEHBIIIE TOJyYEHHOTO B pad0Te 3HAUCHHSI.

Metonom Mexanoxumuueckoit (MXO) o0paboTku cmeceld Ha ocHOBe rpadura C
nobaBkaMM BellecTB coaeprkaimmx aromel Al, Li u kucmopon, yaanoch CHHTE3HUPO-
BaTh TOPOIIKOBBIN Marepual, coaepxkammii B-¢a3y cuctemsl Li-Al. TTomydyeHnsbrit
HAHOYTJICKOMIIO3UTHBIN MaTepuas o001aaeT pacCerBAIOIIMMU/TIOTIOMAOIIUMHA
CBOMCTBaMM PEHTICHOBCKOTO M3JIy4YeHHS (C JJIMHOW BOJHBI xapaktepHoul mis Ga-
MCTOYHHKA), TPEBOCXOASIIUMHU (TI0 TOTJIOUIEHUIO) aHAJIOTMYHBIE CBOMCTBAa 00pa3lioB

u3 rpadura.
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X-RAY STUDIES OF NANOCOMPOSITES OF THE LI-AL-C-O SYSTEM

ABSTRACT

Nanocomposite materials with various physical and chemical properties are
becoming increasingly popular. One of the promising areas of their application is re-
fractive X-ray optics for new generation sources. The synthesis of nano-carbon com-
posite materials with increased thermal radiation resistance and an average electron
density distribution that provides the required X-ray scattering parameters is a very
urgent task. The paper proposes a technology for obtaining alloyed carbon composite
materials from graphite of the MPG-7 brand by long-term mechanochemical pro-
cessing in ball mills.

Keywords: mechanochemical synthesis; nanocarbon composite; X-ray radia-

tion.
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AHHOTALIUA

VY CTaHOBJIEHO, YTO UCIOJIB3YSl THOPUIHBIN MaTepHasl coCTaBa JETOHAIIMOHHBIM
HaHOAJIMa3-yTrJepoHble HAHOTPYOKM B KayecTBE J00aBOK, BO3MOXKHO TMOJIyYCHHE
YCTOMUYMBBIX HAHOKUJKOCTEH Ha OCHOBE BOJbI Oe3 ncnoib3oBanus [IAB. beuio no-
Ka3aHO, YTO MPU MAKCUMaJIbHOW KOHIIEHTpALMM THOPUIHOTO MaTepualia, KOTopas
coctaBuia 0,5 macc. % 1151 BOJIbI BO3MOKHO MOJIYYUTh POCT TEINIONPOBOAHOCTH IPH
50 °C 10 2 pa3 0e3 U3BMEHEHUs BA3KOCTH.

KuaroueBble ci10Ba: HAHOKHUJIKOCTH; THOPHUJIHBI MaTepHaIT, IETOHAIIMOHHBIN

HaHOAJIMAa3; YIJICPOAHBIC HaHOTp}I6KI/I; TCILUIOIMPOBOJHOCTD,; BA3KOCTD.

Bona yxe maBHO WCHONB3YETCS B PA3IMUYHBIX OOJACTIX TEXHUKH B KaueCTBE
TETUIOHOCUTENISI B OXJIXKIAIOMMX cucTeMax. [[puunHoi 3TOMy CiIy’KaT Kak MpeBOC-

. 0
XOJIHbIEC TeTIo(PU3NUEeCKHUe CBOMCTBA (Tak, TEIIonmpoBoaAHOCTh BoAbl mipu 50 "C co-
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craBiszeTr 0,648 B1/(M*K), a e€ Ttermmoemkocts 4180 JIx/(kr*K)), Tak ¥ HU3Kas BS3-
KOCTb, KoTopasi coctaBisieT 550 mlla*c. OnnHako, ¢ pa3BUTHEM TEXHUKH, OOBEMBI
TeIj1a, KOTOpble HEOOXOAMMO OTBOJIUTh, BCE YBEIMUMUBAIOTCS, YTO IPUBOJUT K HEOO-
XOJAUMOCTH YBEJIUYEHHS PA3MEPOB CUCTEMBI OXJIAXKICHHUS.

Opnum u3 Hauboliee MEePCHEeKTUBHBIX MyTEeW penieHus: JaHHOW MpoOeMbl CUu-
TaeTCs CO3/JaHKE T.H. HAHOXKUJIKOCTEH, KOTOPhIE MPEJCTABISIOT U3 Ce0sl yCTOWYUBBIE
CYCIIE€H3UHU Pa3JIMYHbIX MarepuaioB. B kauecTBe 100aBOK aKTMBHO HCHOJb3YHOTCA
yIJIEpOHbIE HAHOMATEPHAJIbI, TAKHE KaK JIe€TOHAIMOHHbIe HaHOoanmMa3bl (JJHA) u yr-
nepoaubie HaHOTPYOKHU (YHT). MuTepec k 3TMM MatepuanaMm 0OYCJIOBIEH B IEPBYIO
ouepe/lb UX BBICOKUMHU TEIIOGU3UYECKUMHU CBOMCTBaMHU. Tak, TEIIONPOBOAHOCTD
JHA onenuBaercs B 2000 B1/(M*K), a TeronpoBoanocts YHT orneHuBaercst 10
5000 Bt/(M*K). OnmHako, 3TH Marepuajibl 00Jaal0OT U CBOMMHU HEJAOCTATKAMH.
Hamnpumep, YHT crnoxuo nucnieprupyrorcs B KUAKOCTIX 0e3 ucnonb3oBanus [1AB,
kpome Toro, u YHT, u IHA ckinoHHbl Kk 00pa3oBaHuto arperatoB. JJis ycTpaHeHUs
JAHHBIX MPOOJIEM, a TaK¥Ke C LEbI0 MOJyYeHHUsl CUHepreTudeckoro 3¢ dexra uccrne-
JIOBATEJIM aKTUBHO MBITAIOTCS CHHTE3UPOBATh THOPUIHBIE MaTepualsl coctaBa JIHA-
YHT, ognako, B OOJBIIMHCTBE CIIy4yaeB TaKhe MaTepHUasbl MPEICTABISIIOT U3 ce0s
OOBIYHBIC MEXaHUYECKUE CMECH.

B nannoi#t paboTre mpencTaBieHbl Pe3yNbTaThl UCCIICAOBAHUS BIMSHUS THOPHI-
Horo marepuaina cocraBa JJHA-YHT, rne YHT cunTe3supoBaHbl Ha MOBEPXHOCTH ar-
peraroB JIHA, Ha BA3KOCTb U TETJIONPOBOJHOCTD BO/IBI.

Muoroctennbie YHT ObUIM CUHTE3UpPOBAaHbI Ha MOBEPXHOCTH arperaroB KOM-
mepueckoro JIHA (mpowmsBomctBa CKTB “Texnomor”, Poccust) meromom CCVD.
Maccosas nonst YHT cocrtaBuna 30 macc. %. [Togpo6HO MeToIMKa CHHTE3a OlKCaHa
B[1].

CuHTE3 HAHOXHUJIKOCTEH OCYIIECTBIISUICS TMYTEM YJIbTPa3BYKOBOW 00pabOTKH
KUJAKOCTH C THOPUIHBIM MaTepHUasioM Ipu Temmeparype S50 °C B Teuenue 30 MHHYT.

MeToanka NpuroToBJIEHUS] HAHOXKUJIKOCTEW MOKa3aHa Ha puc. 1.
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Puc. 1. meToarka NpUroTOBICHUS HAHOXKIUKOCTEH HAa OCHOBE BOJBI C THOPH/I-

HbIM MatepuasioM coctasa JJHA-YHT.

HCHOJ’II:ByeMaﬂ MCTOAMKA IIO3BOJIMJIA IIOJYYUTDb YCTOﬁqHBBIG HAaHOXHNIKOCTHU

6e3 ucnonp3oBanus [IAB co cpennum pasmepom vactuil B 50 — 60 HM (puc. 2).

307
201

101

Mumber (Percent)

1 10 100
Size (d.nm)

Puc. 2. Pazmep vactun rubpuanoro marepuana cocrapa JIHA-YHT B nHanoxwu-

KOCTH Ha ocHOBe BoAbl (0,5 macc. %).

Ha puc. 3 npencraBieHbl pe3ybTaThl U3MEPEHUS TEIJIONPOBOIHOCTH MOTYUYEH-

HBIX HAHOKUIKOCTEMN.
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Puc. 3. Tennodusndeckue cBOWCTBAa HAHOKUJIKOCTH Ha OCHOBE BOJbI, MOAU(U-
nupoBaHHoOM THOpuAHBIM MaTepuaiiom JIHA-YHT. a — 3aBUCHUMOCTH TEIJIONPOBO/I-
HOCTH HAHOKHAKOCTH OT KOHIIGHTPALMK rHOpraHoro Matepuaia (mpu 50 °C); 6 - 3a-
BHCUMOCTb TEIJIONPOBOIHOCTA HAHOKUJKOCTH OT TEMIIEpATyphl U3MepeHus rae 1 —
TEIJIOBOJIHOCTh BOJIbI (CIIPABOYHBIC JAHHBIE), 2 - TEIMJIOBOJHOCTH BOABI (IKCIIEpHU-
MEHTaJIbHBIE AaHHBIE), 3 — TEIJIONPOBOJHOCTh HaHOkHUAKocTU ¢ 0,5 macc. % ru-

6pI/I,Z[HOFO MaTcpuaia.

Kak BugHO W3 puc. 3 BBeJCHHE TMOPUIHOIO MaTepHalia MO3BOJIMIO MOBBICUTH
TeILIONPOBOAHOCT HaHOXHAKocTH mpu 50 °C (cpemmsisi pabouas Temmeparypa
OXJIQXKJAIOIIEH KUJKOCTH) 10 2 pa3. 3a CUET CBOMX XapaKTEPUCTHUK, a TAKXKE 3a CUET
OTCYTCTBHS HEOOXOIUMOCTH HCIOJIb3oBaHUs [IAB naHHBIC HaHOXIMKOCTH IOKa3bl-
BalOT MEPCIEKTHBHOCTh MCIOJIb30BAaHUS THMOPUIHBIX YIIIEPOIHBIX HAHOMATCPHUAJIOB
npu co3aaHuu HHEKTUBHBIX OXJIAXKTAFOIINX JKUIKOCTEH.

*Uccrnedosanue 6blnoineno npu gunarcosoti noodepacke PODOU u FPODU ¢

pamkax Hayunozo npoexkma Ne 2(0-58-00056.
Cnucok aureparypsl

1. Powder hybrid nanomaterial: Detonation nanodiamonds—Carbon nano-

tubes and its stable reversible water nanofluids / A. A. VVozniakovskii, T.S. Kol'tsova,
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A.P. Voznyakovskii, A.L. Kumskov, S.V. Kidalov // Journal of colloid and interface
science, 2020, Vol. 565, pp. 305-314.

THERMAL AND RHEOLOGICAL PROPERTIES OF WATER-BASED
NANOFLUIDS, MODIFIED WITH A HYBRID MATERIAL DETONATION
NANODIAMOND-CARBON NANOTUBES

ABSTRACT
It has been established that using a hybrid material detonation nanodiamond-
carbon nanotube as additives, it is possible to obtain stable nanofluids based on water
without using a surfactant. It was shown that at the maximum concentration of the
hybrid material, which was 0,5 wt. % for water, it is possible to obtain an increase in
thermal conductivity at 50 °C up to 2 times without changing the viscosity.
Keywords: nanofluids; hybrid material; detonation nanodiamond; carbon nano-

tubes; thermal conductivity; viscosity.
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MHOT'OOMUTTEPHBIE KATOAHO-MOAYJATOPHBIE Y3JIbl
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AHHOTALASA

PaccmoTpeHo perieHne mpoOsieMbl CO37aHUST albTEPHATHUBBI CYIIECTBYIOIIAM
HMCTOYHUKAM CBETa, COCTOSAIIEE B pa3pabOTKE IKOJOTHUECKU 0€30MacHbIX dHEprocoe-
peraromux KaToJ0TFOMUHUCIIEHTHBIX MCTOYHMKOB CBETa HOBOT'O IOKOJICHHS, OCHO-
BaHHBIX HA CBCUCHHUHU JIFOMUHO(OpA MO ACHCTBHEM 3JIEKTPOHOB, TOJYUYCHHBIX TPH
aBTODJICKTPOHHON APMHCCHM C aBTOKATOJa C OOJBIINM KOJIHMYECTBOM SMHCCHOHHBIX
1eHTpoB. JIJIsl co3gaHus KaTOIOJIOMHUHHUCIICHTHBIX MCTOYHUKOB CBETA IPEIIOKEHO
HCITOJIh30BaTh aBTOPMHUCCHOHHBI MHOTOAMHUTTEPHBIN KaTOJI, BKIFOYAIOITUI P OT-
JEIbHBIX KaTOAOB M3 MOJUAKPHIIOHUTPUIIBLHBIX YIJIEPOIHBIX BOJIOKOH, PACIOIOKEH-
HbIX Ha OJIHOM oOuIell miIockoi moBepXHOCTH. OOOCHOBaHA TEXHMYECKas BO3MOXK-
HOCTb MCIIOJIb30BAHMS JTAHHBIX MHOTOJIYYEBBIX JJICKTPOHHBIX MYIIEK B KATOIOJIOMU-
HMCIIEHTHBIX JIAMIIaX.

KiroueBble cjioBa: ABTOSJICKTPOHHAS SMHCCHS; aBTOKATOJbI; MHOTO3MHTTEP-

HBINA KaTO/I.

B HacTtosiiiee Bpemsi akTyalibHO CO3/JaHME CTAOWJIBHBIX KaTOJOB, CHOCOOHBIX

6 7
JUTUTEIILHOE BpeMs padoTaTh B YCIOBHSIX BhICOKOro Bakyyma (10° — 10" mm prt. cT.).
[IpeumyiiecTBa aBTOAJIEKTPOHHBIX KaTOJIOB MO CPABHEHUIO C APYTUMU UCTOUHUKAMMU
CBOOOJHBIX DJIEKTPOHOB M3BECTHBI: OTCYTCTBHE HaKajla, BHICOKAs IUIOTHOCTh TOKa
aBTOAMUCCHUH, YCTOMIMBOCTH K KOJICOAHUSIM TEMIIepaTyphl, Majasi YyBCTBUTEIHBHOCTh
K BHEIIHEW paauanuu, O0C3WHEPIIUOHHOCTh, SKCIOHEHIIUAIBHO BBICOKAash KpyTH3HA

BOJIBT-AMIIEPHBIX XapaKTEPUCTHK.
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ABTORJIEKTPOHHAS SMUCCHSI YyBCTBUTEIbHA K U3MEHEHUIO T€OMETPUU KaToAa U
COCTOSIHUIO €r0 MOBEPXHOCTH, UYTO MPECTABISET COOOM OCHOBHYIO TPYAHOCThH MHpH
CO37JaHUHU CTAOUJIbHBIX AaBTOAJIEKTPOHHBIX KaToJI0B. PaboTa aBTOKaroja B mpudope
COTIPOBOXK/IACTCSI KATOJHBIM pPACIBIIICHUEM MaTepualia, U3MEHEHHEM (OPMBI IMUT-
TUPYIOLIEH MOBEPXHOCTH, U3MEHEHHEM KOJINYECTBA U PACHOJIOKEHUS MUKPOBBICTY-
OB, U3MEHEHHEM PabOThl BHIX0JIa AJIEKTPOHOB, Pa30rPEBOM KaTO/1a, MEXaHUYECKUM
HarnpspkeHueM. ITr 3()QPEKTh MOTYT BBI3BATh YXY/IIICHUE OCHOBHBIX ITapaMETPOB aB-
TOKaTOAa U KOHKPETHOT'O 3JIEKTPOHHOTO MPpUOOpa.

Takum oOpazom, Marepuaibl aBTOKATOJOB, MpPEIHA3HAYCHHBIX 1Ji1 pabdoOT B
YCJIOBUSIX BBICOKOTO TEXHMUYECKOTO BaKyyMa, JI0JKHBI 00J1a71aTh crienuduieckon co-
BOKYITHOCTBIO CBOMCTB, TaKUX, KaK HU3KHE M CTAOWIbHBIC 3HAYCHUSI pa0OTHI BHIX0]1a
AIEKTPOHOB U KOA(D(PUIIMEHTA KaTOJHOTO PACIbIICHHUS, a TAaKKE€ BBICOKHME 3HAYCHUS
MEXaHMYECKON MPOYHOCTH, IEKTPO- U TEILUIONPOBOAHOCTH. Kpome Toro, ontumarnb-
Has DJIEKTPOHHO-ONTHUYECKass CUCTEMa C aBTOKATOJOM JIOJDKHA 00JajaTh MaKCH-
MaJIBHBIM TOKONPOXOXKJACHUEM YEPE3 YIPABISIONIUNA 3JIEKTPO, MUHUMU3UPOBAHHBI-
MU YTIPABISIONMIMMH HANPSHKEHUSIMHA, MUHUATIOPHBIMU pa3MepaMu U c(hOKYCHPOBaH-
HBIM 3JICKTPOHHBIM TOTOKOM Ha BBIXOJE.

HccnenoBanus yriiepoJHbIX MaTEpUaliOB IOKa3ajld HX IEPCHEKTUBHOCTb, B
YaCTHOCTH, IPEIJI0KEHO HCIIOJIb30BATh IMOJUAKPUIOHUTPUIIBHBIE YIIEPOIHBIE BO-
JoKHA. JIaHHBIN TUI aBTOKATOJOB MOJYYMJI IIUPOKOE paclpocTpaHEeHUe Oyaromaps
HaJIU4ui0 GUOPUIBHON CTPYKTYPBI YTIAEPOIHOTO BOJIOKHA. DMUCCHOHHBIMU IIEHTpa-
MH y TAaKOTO BHJa aBTOKATO/A SBJISIIOTCS MHOTOYHMCIICHHBIE MUKPOBBICTYIIBI, 00pa3o-
BAHHBIC BBIXOISAIIMMHU Ha TOPIEBYIO MOBEPXHOCTh BOJIOKHA (PMOPUILIAMU U UX COBO-
KynmHocTsiMU. [Ipu pabote paspyiieHre OTACIbHBIX MUKPOBBICTYNIOB HE TPUBOJUT K
CYIIECTBEHHOMY U3MEHEHUIO YMUCCUOHHOIO TOKA, TaK KaK CPEIHEE YUCIIO MUKPOBBI-
CTYIIOB OCTAETCS MMOCTOSIHHBIM. JTO OMPEETSET BHICOKYIO CTAOMIBHOCTh IMUCCHUOH-
HOTO TOKa M OOJIBIIION CPOK CITY>KOBbI JAHHBIX KAaTOJIOB B YCIOBUAX TEXHUYECKOTO Ba-
KyyMma.

IIpu pacyere BOIBT-aMIEPHOM XAPAKTEPUCTUKHU IMpocrtas Teopus Paynepa-

Hopnareiima cnabo npuMeHuMa Jisi MHOTOSMUTTEPHBIX cucteM. [lostomy st Oonee

144



TOYHOIO BBIPAKEHUS TOKA ABTOAIMHUCCUM PEKOMEHIYETCS HCIOJIb30BaTh TEOPHUIO
Mepdu-I'yna. Jna anmapaTHOM peanu3alid METOAMKH HCIBITAHUNA HCIONb3YETCs
cTeH ¢ UUdpOBBIM ocuuiuiorpadom, Giaroaaps KOTOpOMY JaHHBIE MEpEaloTcs B
KOMITBIOTED, TJI€ MOXKHO IMPOBOJINTH UX JAITBHEHUIITYI0 00pabOTKYy.

DOMHCCHOHHBIE TApAMETPhI KaTo/1a CTA0OUIIN3UPYIOTCS TPU TPEHUPOBKE METOIOM
YBEJIMYEHUsI TOKOBOM HArpy3Ku, MOCJIE€ KOTOPOM HCCIEAYEMbIE€ aBTO3MHCCUOHHBIC
KaTO/bl MPAKTHUECKU HE MOABEPKEHBI Aerpaaannu. GopMoBKa 3akiodaiach B pado-
T€ Karoja rnpu noctosHHOM Toke 100 MKA B TeueHue 5 yacoB. /s npunanus mydyky
BOJIOKOH ()OpMBbI, YMEHBIIAIOLIEH BIUSIHUE JIEKTPOCTATUYECKUX CHJI, OTKIOHSIIOIINX
nepudepuitHple BOJOKHA My4yKa, HEOOXOIHMMO HCIOJIb30BaTh IMJIA3MOXUMHUYECKHMA
METOJ TPABJICHUS ITyYKa YIJIEPOAHBIX BOJIOKOH KOPOHHBIM Pa3psoM Ha BO3AYXE.

KarogHo-MonyiaTOpHBIA y3€JI COCTOMT W3 CIEAYIOIIUX 3JEMEHTOB: IITAMIIO-
BAaHHOI'O LWIMHJpA MOJYJIATOPA, KATOAA U3 OCTEKJIOBAHHOIO IIydKa yIIEpPOJHBIX BO-
JIOKOH M oOeyaiiku 3ajHero koHTakTa. HajexxHocTh M pecypc pabOThl MHOTOAMUT-
TEPHBIX KATOJOB OINpPEAEISIETCS pECYpPCOM pabOThl OTAENBHBIX €ro AMUTTEPOB. [lep-
BOHAYaJIbHO AMUTTEPHI UMEIOT OJMHAKOBBIM BUJ LUJIUHAPOB C TOPLEBOM MOBEPXHO-
CThI0, 00pPa30BaHHOI B pe3yJIbTaTe CKOJIa BOJIOKHA B HAMPABICHUH, IEPIICHIUKYJIISP-
HOM €r0 OCH, C PacIOJIOKEHHBIMM Ha 3TOM IJIOCKOCTHM MHMKPOBBICTYIIAMH MOpPSJIKa
0,01 — 0,1 mxm. [Tocne nauTenbHONM GOMOAPIMPOBKU MOHAMH OCTaTOYHOTO ras3a B pe-
3yJbTaTe KaTOJHOTO PACHbUICHUS IPOUCXOIUT HApYIIEeHHEe OOKOBOM M TOPLIEBOM MO-
BEPXHOCTH BOJIOKHA B BHJI€ OOJBILIOTO KOJMYECTBa yriyoneHuil mopsaka 0,5 MK,
MOSIBIISIETCA pa3MbIBAHUE KPOMKH M 3a0CTPEHHE BOJIOKHA. B nanpHeimeit padore
MPOUCXOJUT MHTEHCHUBHOE DPA3BUTHE MHUKpOpelbeda MOBEPXHOCTH ABTOKATOAOB U
MMOBEPXHOCTh JOCTUTAET HEKOTOPOH paBHOBECHOW KOH(UTyparuu, Haudojee yCTOou-
YUBOU K OOMOapAMPOBKE M BO3ACHCTBUIO BHEITHETO TOJIs. DTa KOHPUTrypamus 0im3-
Ka K c(heprueckoi ¢ paBHOMEPHBIM paclpeeIeHHEeM MUKPOBBICTYIIOB MO MOBEPXHO-
CTH.

[lo pe3ynbTaTam wHcCCl€IOBaHUS MOATBEPXKIEHA TUIIOTE3a O TOM, YTO MHO-
TOOMUTTEPHASI CUCTEMA U3 MYYKOB MOJHAKPWIOHUTPHUIIBHBIX YIJIEPOJIHBIX BOJOKOH

SIBJISIETCS TMIEPCTIIEKTUBHBIM MaTepualioM sl aBTOAMUCCUOHHOTO Karoja. Heooxoau-

145



MO OTMETHUTh, UTO ABTOAMUCCHOHHBIM TOK (pOpMHpYETCS OJHOBPEMEHHO MHOTOYHC-
JIEHHBIMHU HAHOBBICTYIIaMHU Ha OBEPXHOCTH BOJIOKOH IMyYKa.

Cy1iecTBEHHYIO POJib B HECTAOMIBHOCTH PabOUYMX HANpSHKEHUW W pacrhpenese-
HUS [JIOTHOCTH aBTO3MHUCCHOHHOIO TOKA UTPAET OTKIOHEHHWE NepupepruitHbIX BOJIO-
KOH B Iy4YKe MO/JI IUCTBHEM DJIEKTPOCTaTUYECKUX cuil. [IpoGiembl pacnbuieHus Ma-
Tepuana U U3MEHEHUsI (POPMBI SMUTTUPYIOIIEH MTOBEPXHOCTH periaeT o0padoTKa KO-
POHHBIM paspsgoM. [IpobiieMy cTaOUIBHOCTH SMHUCCUU PEIIAeT TOKOBAsi TPEHUPOBKA.

[IpocTroTa KOHCTpYKUMH ¥  JCIIEBU3HA DJIEMEHTHOM 0a3bl  KaTOJHO-
MOAYJISITOPHOTO y3JIa MOBBIIAIOT BEPOSITHOCTh KOMMEPYECKOTO yCIieXa MpU COo3/a-

HHUM TaKUX U3ITy4aTeIIe.

Cnucok aureparypsl
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MULTI-EMITTER CATHODE-MODULATOR UNITS

ABSTRACT

The solution to the problem of creating an alternative to existing light sources
Is considered, consisting in the development of environmentally friendly energy-
saving cathodoluminescent light sources of a new generation based on the glow of a
phosphor under the action of electrons obtained by field emission from an autocath-
ode with a large number of emission centers. To create cathodoluminescent light
sources, it is proposed to use a field-emission multi-emitter cathode, which includes a
number of separate cathodes made of polyacrylonitrile carbon fibers located on one
common flat surface. The technical feasibility of using these multibeam electron guns
in cathodoluminescent lamps has been substantiated.

Keywords: autoelectronic emission; autocathodes; multi-emitter cathode.
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AHHOTAIUA
['uOpuaHblii  yriIepoAHBIA MaTepHall CcOCTaBa JETOHALMOHHBIM HAaHOAJI-
Ma3/ManoCIOHbINA TpadeH, CHHTE3UPOBAHHBIN B YCIOBUAX CaMOPACIIPOCTPAHSIOIIE-
rocsi BHICOKOTEMIIEPATYPHOTO CHUHTE3a, OblI BIIEPBBIE HCMBITAH B KaYeCTBE MOIUDU-
[UPYIONIEH H00aBKU MPHU CO3JJaHUU KOMITO3UIITMOHHOTO MaTepuajia Ha OCHOBE allio-
MUHUS. BBIIO YCTaHOBIEHO, YTO MCMOJIB30BAHUE THOPUTHOTO MaTeprasa Mmo3BOJIUIIO0
MOBBICUTH TBEPJOCTh KOMIIO3UTA IO 2 pa3 MO CPAaBHEHUIO C UCXOAHBIM aTFOMUHUEM,
COXpPaHHUB WJCHTHUYHYIO UCXOJHOMY AIFOMUHHIO IIOTHOCTbh, a TAKKE€ COXPAHUB BbI-
cokyto TeronpoBoHocTh (200 B1/(M*K)), Macca 1o6aBku mpu 3TOM COCTaBJIsIa HE
6oxee 0,25 macc. %.
KioueBble cjioBa: THOpUIHBIN MaTepuai;, MaJOCIOWHBIN rpadeH; NeTOHAIU-

OHHBIC HAaHOAJIMAa3bl; KOMIIOZUIITHOHHBIC MAaTCPHAJIbI, aH}OMHHHﬁ; TBEPAOCTD, TCILIIO-

MPOBOAHOCTb.

N3BecTHO, UTO BBEIECHUE HAHOYTJIEPOJOB B METAIIbI MPUBOAUT K YIYUIICHUIO
UX TeII0(hU3NYECKUX CBOMCTB, M MPOYHOCTHBIX MOKa3arene. Ho ux HemocTaTku Ta-

KHC KaK: CKIIOHHOCTL K arperamnuu, HCYCTOﬁQHBOCTB B JXHAKHUX CpC€aax, HaJIN4Ine
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MpuUMeced U T.1I., CHUIBHO OTPAHUYMBAIOT BO3MOKHOCTH MX MPUMEHEHUS, YTO TAKKE
OoTpakaeTcsl Ha WX IeHe. TakuM oOpa3oM, B Halel paboTe MbI MTOMBITAIUCH PEIINUTh
po0JeMy arperaiuy YacTUIl IyTeM CUHTe3a THOPUAHOro MaTepuara.

Mps1 nosryuniy THOPUAHBIN MaTepHall COCTaBa MaJIOCIONHBIN TpadeH / JeToHa-
nuoHHbI HaHoanMmas (MI/JIHA) B cootnomenuu 1/1 merogom CBC. I'uGpun npen-
CTaBJsieT cOO0M rpa)eHOBbIE HAHOIIJIACTUHKYA HA KOTOPBIX PACIOJIOKEHBI KPUCTAILIIBI
HaHoanMasza (puc. 1). YaenpHas Iiomanas MOBEPXHOCTH THOpHma coctaBiser 320

MT.

9.7 mm 54.08

Puc. 1. COM rubpuanoro matepuana cocraa MI'/J[HA.

Takoke Ha OCHOBE CHHTE3MPOBAHHOTO THOPUIHOTO MaTepHraja ObLI TMOJy9YeH Me-
TaJOKOMIIO3UT C aTIOMUHUEM. BBemeHue ruOpuaa B allOMHUHHN TPHBEIO K POCTY
tBepaoctu Ha 111 % (¢ 27 no 57 no bpunemmo) (puc. 2, a) Mpu 3TOM TEIJIOTIPOBOI-
HOCTh TOJIyYEHHOT'O KOMIIO3UTa B CPABHEHUHU C YUCTHIM AJIFOMUHUEM YMEHBIINIIACH
Bcero Ha 15 % (puc. 2, b). OnpeneneHo onTUMalbHOE BpEeMs CIICKAHUS IS MOJTyde-
Hus komno3uta oT 30 go 60 cexyHn npu nasinenuu B 2 I'Tla. /laHHbIe nmoka3aTenu

OBLIN TOCTUTHYTHI TPU MUHUMAJIBLHON KOHIIEHTpalMK 100aBKku paBHoi 0,25 macc. %.
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*Uccneoosanue 8vinonanerno npu gunarcosou noddepicke PODOU u BPODU ¢

pamkax Hayurnozo npoexma Ne2()-58-00056.

STUDY OF HARDNESS AND THERMAL CONDUCTIVITY
OF ALUMINUM COMPOSITE WITH A HYBRID MATERIAL
OF DETONATION NANODIAMOND / LOW-LAYER GRAPHENE
COMPOSITION

ABSTRACT

A hybrid carbon material of the composition detonation nanodiamond / few-
layer graphene, synthesized under the conditions of self-propagating high-
temperature synthesis, was first tested as a modifying additive in the creation of a
composite material based on aluminum. It was found that the use of a hybrid material
made it possible to increase the hardness of the composite up to 2 times compared to
the pure aluminum, while maintaining the density identical to the pure aluminum, as
well as maintaining high thermal conductivity (200 W/(m*K)), the mass of the addi-
tive was no more than 0,25 mass. %.

Keywords: hybrid material; few-layer graphene; detonation nanodiamonds;

composite materials; aluminum; hardness; thermal conductivity.
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AHHOTAIIUA
[IpoBenéH MOHUTOPHUHT MOYB B Mpo0Oax, B3ATHIX B PA3JIMYHBIX paiioHax T. Tro-
MEHHU Ha MPEeAMET COJIEpKaHMUs B HUX TSKENBIX MeTauloB (cBUHIA). CrnenaHbl BBIBO-
Ibl O CTEINEHU 3arpsA3HEHHOCTH 3TUX NOYB. B panbHeleM npeanosiaraercs Uil X
OUYMCTKHM MCIOJIb30BaTh BBICOKO3(P(EKTHUBHBIE HAHOCOPOEHTHI (Hampumep, rpadeHsl,
ME30IMOPUCTBIN YIIAEPO] 1 HAHOKOMIIO3UTHI HA UX OCHOBE).
KuroueBrble cj10Ba: ouBa; TSKEIBIE METAJUIbl; CBUHEL; MOHUTOPHHTL 3arpsi3He-

HHUI; yTJIEpOJHbIE HAHOMATEpHUaIbl.

OxpaHa OKpy’KaroIie cpeasl (B TOM YHUCIIE, MOYB) OT 3arps3HEHUs — Ti00aib-
Has dKoJIorrueckas rnpobiemMa JijIs yenoBeuecTBa. B pesysibTaTe rpalocTpOUTENbHOM
NEATEIbHOCTH TOYBBI MOJBEPKEHBI 3HAYUTEIHBHOMY TEXHOT€HHOMY JABJICHUIO, KO-
TOPOE 3aKJII0YAETCS B JOMOJHUTEIBHOM MOCTYIUIEHUH Pa3IMYHOTO poja MOJUTIOTaH-

ToB. Cpelli TaKuX BEIIECTB 0CO00E MECTO 3aHUMAIOT TsKebie MeTaiuibl (TM) u3-3a
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BBICOKOUM PacrpoCTPaHEHHOCTH, TOKCUYHOCTH W HAIWYUS KyMYJSITUBHOTO 3 deKkTa
[1]. OHu sABISIIOTCS KpallHE OMACHBIMM HE TOJIBKO JJISI YeJIOBEKA, HO U JUIsl IPUPOJI-
HBIX U CEJIBCKOXO3SIMICTBEHHBIX dKOCUCTEM, MOCKOJIBKY aKKyMYIUPYIOTCS PaCTCHUS-
MH, YTO CO3HAET IKOJOTUYECKYIO YyIrpo3y B IMOCIEAYIOUIEH Iepeaade Mo IMUIIEBBIM
ernsim [2].

[Ipu moctrymnenun TM B mouBy €€ (U3MKO-XUMHUUYECKHE M OHOJIOTHYCCKHE
CBOMCTBa 3aMETHO MEHSAIOTCS, MPUBOAS K yXyaueHuto miogopoaus. Conep:xkaHue
TM B mouBax 3aBUCHUT OT OKHUCIUTEIBHO-BOCCTAHOBUTENBHBIX U KUCIOTHO-OCHOBHBIX
xapakTtepucTuk. Kak npaBuiio, ¢ MOBBIIIEHUEM KHUCIOTHOCTH MOYBBI YBEJIWUYHUBACTCS
MX TOJBUXHOCTh U TOKCHYHOCTH [3]. B opranusm uenoeka TM noctynator ¢ mpo-
JTyKTaMU MUTAaHMs, HAWOOJBIIUN BKJIAJ IIPU TOM BHOCST PacTeHUS, BhIpAIlIMBAEMbIC
Ha MOJISIX BOJIM3U aBTOMAarucTpaiei.

Opnnum u3 Hambosee TokCHYHBIX TM sBIseTCs cBUHEN. B mouBy CBHUHEI] MOXKET
MOCTYIAaTh, HAIIPUMEP, BXOS B COCTaB YAOOPEHHI, C BHIXJIOMHBIMU ra3aMH, a TaKKe
C BIOpOCaMU pa3IMYHbIX MPOMBIILIEHHBIX npeanpusTuii [4]. Kpome Toro, oH MOXeT
CYILIECTBOBATh U B MPHUPOJHOM COCTOSIHUHM, €r0 COAEPKAHUE 3aBUCUT OT MaTEpHUH-
CKHMX TMOPOJI; UM OYEHb CHJIbHO OOOTallleHbl BEpXHUE TOPU30HTHI. [ JTaBHBIMU UCTOY-
HUKAMU 3arpsi3HEHUSI TIOYBBI CBUHIIOM SIBJISIETCSI aBTOMOOMIIBHBIM TPAHCHIOPT U 1IBET-
Hast metautyprus [5]. I[IJIK cBunIia B mouBax cocrasisiet 32 mr/kr [6].

B cBsi3u ¢ BBIIEU3II0KEHHBIM, 11€JIbI0 JAHHOW pa0OThl OBLIO TPOBECHUE MOHU-
TOPUHIA 3arpsA3HEHUM IOYB CBUHLIOM B HEKOTOPBIX panloHax I. TIOMEHM Kak Jrara,
MpEeABApPSIIOUIET0 MPOBEICHUE COPOLIMOHHON OYMCTKH 3TUX MOYB C MCIOJIb30BAHUEM
MPECIIEKTUBHBIX HaHOMaTepuanoB (TpadeHOBbIE HAHOIJIACTUHKH, OKCHJA TpadeHa,
ME30MOPUCTBIA YTIEPO] U KOMIIO3UTHI HA MX OCHOBE) mpousBoacTtBa OO0 «Hano-
TexIlentp» (PD, r. Tam60B). BeiOop HaHOMaTEepHaaIoB 0OOCHOBBIBBETCS BBIBOJIAMH,
CICJIaHHBIMU aBTOpaMu PaboT [7 — 9], B 4aCTHOCTHU, MO BBICOKOUW TMOPUCTOCTH H
yIEIbHOH MJIOIIAIN TTOBEPXHOCTH MPH copOimu Ph 13 BogHbBIX (has3.

JInst TOCTHKEHUA 3asBJICHHOM LIENU MPEAIONaraioch pelinTh CIEAYOIIME 3a1a-
gyi: 1) onpeaenuTs copepKaHue MOJBIKHBIX U KHCIOTOPACTBOPUMBIX ()OpM CBHHIIA

B MoyBax I'. TIOMEHM MO CTaHAAPTHBIM METOJIUKAM; 2) CPaBHUTH MOJYyUYEHHBIE pe-
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3yJNbTaThl CO 3HAYEHUEM, perilaMeHTHPOBaHHBIM HOpMaTUBHBIM AokyMeHTOoM (ITJIK)
u 3) cnenatb 000OIIEHHBIN BBIBOJ O TEKYILIEM COCTOSIHUU TTOYB.

OO6pa3iel nouB ObuIM 0TOOpaHbl U3 11 paitonos r. Tromenu. ['opos pacnonoxen
B I0ro-3anagHoi yactu 3anaaHo-CHOMpPCKOW paBHUHBI B BOCTOYHOM yactu TypuH-
CKOM HAKJIOHHOW PaBHUHBI M XapaKTEPU3YETCsl 3HAUMTEIHLHON TEXHOTEHHON Harpys-
KOM CO CTOPOHBI MPOMBIIUICHHBIX NPEANPUITHI, a TaKKe aBTOTPAHCIIOPTA, SBISSACH
KPYIHBIM TPAHCIOPTHBIM y3JIOM.

Ot60p IpoO TPOBOWIICS U3 MOBEPXHOCTHOTO OPraHO-MHUHEPAIBLHOTO TOPU30H-
Ta, ¢ riyounsl 0 — 10 cM, comeprkaiieil MakCUMaJIbHOE KOJIMYECTBO T'yMYCOBBIX Be-
[IECTB M MOTJIOMIAIONINNA 3HAYUTEIHHYIO YacTh MBUICBBIX BBIMAICHUMN, COEPKAIIINX
T™.

Ananu3 mpo06 mo4yB Ha cojaepkanue Pb mpoBoamics mMeromoM aTomMHO-
a0CopOIMOHHON criekTpoMeTpur (s moaBmwxkHBIX (opm Pb — mo meromuke PJI
52.18.289-90, nnis kuciaoTopacTBopuMbix opMm Pb — o metoauke PJ1 52.18.191-89)
C MOMOIIbI0 ATOMHO-a0COPOLIMOHHOTO CHEKTpo(oToMeTpa (JIEKTPOTEPMUUECKUN U
rIaMeHHbIN cmoco6 aromuzaruu) ContrAA 700 Analytik Jena™.

MaccoBylo 10110 OMpeAessiIeMOro 3JieMeHTa (CBUHIIA) B MpoOe ISl KaXa0ro

ompeeseHns Xi, MIH ', BBIYHCISIIACH 110 ypaBHeHHMIO (1)
_ (Cm —C'x)'V'k
” ’ 1)

X,

H

rne C,;, — MaccoBas KoHIeHTpanus Pb B aHaIm3upyeMoM pacTBOpe, KOTopas Haxo-
JUTCS IO TPalyupOBOYHOMY Tpaduky, mr/om%; Cy — MaccoBast KOHIIeHTparus Pb B
«XOIIOCTOMY» PACTBOPE, KOTOPasi HAXOAUTCS 10 IPaLyHpPOBOUHOMY rpaduKy, Mr/am>;
V — 00bEM aHanm3upyeMoro pacteopa; k — koaddurment pazoasnenus (1 — 1000); m
— Macca HaBEeCKHU NpoOBbl, T.

Bo Bcex 06pasiax ycTaHOBJIEHO CBEPXHOPMATUBHOE CO/AECPKAHUE MOJABHKHBIX U
KucioropactBopuMbix Gopm Pb. MccnenoBanus HakoruieHus Ph B BepxHeM MOYBEH-
HOM TOKPOBE IMOKa3aJId, YTO TIOYBKI 10 YPOBHIO cojepikanusi Ph xapakrepusyroTcs
HEOJHOPOJIHOCTBIO M MPOCIEKUBAETCS HEMOCPEICTBEHHAs] 3aBUCUMOCTh pailoHa OT-

060pa npoObl OTHOCUTENLHO TEXHOT€HHOW 3arpy>KEHHOCTH.
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Takum oOpa3oM, MOYBBI MOYKHO CUMTATh 3arpsI3HEHHBIMU, MMOCKOJBKY MO BCEM
UCCIeTyeMbIM 00OpasliaM 3a(pUKCHPOBAHO MOBBIIICHHOE COAEP)KAHHWE CBHHIIA, Ipe-
BBIIIIAIONIEE B HECKOJIbKO pa3 3HaueHue [1JIK (58 — 967 mr/kr).

Crnenyrommm 3TaroM paboThl OyJeT MpOBEACHUE COPOIMMOHHON OYMCTKU JTaH-
HBIX 00pa3IloB MOYB, HCIIOJIB3ys HAHOMATEpHUalbl HA OCHOBE Tpad)eHa, MEe30MOPUCTO-

o yriicpoaoB 1 HAHOKOMITIO3UTOB.
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HEAVY METAL POLLUTION MONITORING OF TYMEN CITY SOILS AS
A STEP IN THEIR PURIFICATION USING CARBON NANOMATERIALS

ABSTRACT
The monitoring of soils in samples taken in various districts of Tyumen city was
carried out to determine heavy metals (lead) contents. Conclusions were drawn about
the degree of pollution of these soils. In the future, it is planned to use highly efficient
nanosorbents for their purification (i.e., graphenes, mesoporous carbon, and nano-
composites based on them).
Keywords: soil; heavy metals; lead; pollution monitoring; carbon nanomateri-

als.
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AHHOTALIUA
bblmn mpequiokeHpl HOBbIE METOAMKHA CHUHTE3a AJIEKTPOIPOBOIAIINX TUAPO-
(UIBHBIX a’poreliell U3 BOCCTAHOBJIEHHOTO OKCHA TpadeHa U MHOTOCIIOMHBIX yTIiie-
POJIHBIX HAHOTPYOOK, KOMIIO3UTHBIX MaTEpPUaIOB HA OCHOBE ME30MOPUCTOTO IpadeH-
cojepsamiero yriaepoaa. IlomyueHHbsle maTepuasnbl ObUIM TECTHUPOBAHBI KaK 3JIEK-
TPOJHbIE MaTepUabl AJi1 EMKOCTHOH MEMOpPAaHHOM JEMOHU3AIH BOIBI.
KuroueBbie ciioBa: asporenb; rpadeH; eMKOCTHAsl JIEMOHU3ALMS; ME30MOpHU-

CTBIM YIJIEPO.I; KOMIIO3UT.

MeTtoa OYMCTKH PacTBOPOB C MPUMEHEHHEM DJIEKTPOCOPOITMU Hadasl MPUBIIEC-
KaTh UHTEpEeC HayyHOro mupa yxe ¢ 1960 — 1970-x ronoB. Y naneHue MOHOB U3 MO-
TOKa pacTBOpa IMyTEeM MNPWIOKEHUS IJICKTPUUYECKOTO IMOTEHIMAIa K JJIEKTPOJaM C
OOJBITION YJETBHOM TUIOIIAJbI0 MMOBEPXHOCTU OBLIO MEPBOHAYAIBHO MPEIOKEHO B
KauecTBE MeToja onpecHeHus Boabl [1, 2]. JlaHHbI METOJ ONpeCHEHUsI BOABI HOCUT
Ha3BaHue emkocTHOM aenonusanuu (EJI). EJl nmpeacrasnser coboil 2aeKTpoXuMuy e-

CKU YIPABJISIEMBINA CIIOCO0 ynaneHus pacTBOPEHHBIX COJeil afcopOuuei Ha TrpaHule
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AIIEKTPOI-PACTBOP MPHU MPHUIIOKEHUN HAMPSDKEHUS K 3JeKTpojgamM. MemOpaHHas em-
KOCTHAsI IEMOHM3ALUS NPEICTaBIsIET cO00M MOAM(ULIIMPOBAHHBIN BapUaHT JaHHOIO
METO/1a ITyTEM BBEJICHHUS IByX HOHOCEIEKTUBHBIX MeMOpaH [3, 4].

JIaHHBIM METOJ Ha CETOMHSIIHHWKM JICHh OJWH M3 HanOOJee MHOTOOOCIIAFOIINX
METOJIOB OIPECHEHMSI BOJIbI, KOTOPBI MOKET KOHKYpHUPOBATh C CAMBIMH SKOHOMHU Y-
HBIMU METOJIaMH, UCTIOJIb3YEMBIMHU CETOHS, BKIHOYasi TEXHOJIOTHIO 0OPAaTHOI'O OCMO-
ca ¢ pekymnepainuen 3JeKTpudeckor sHepruu. [IpodiemMa cocTOUT B MOMy4EHUU 10-
CTYIHBIX MATEPUAJIOB ISl 3JEKTPOIOB, 00NaJAIOIIMX OOJBIION NOPUCTOCTHIO, JJIEK-
TPOIPOBOJHOCTBIO, TUAPOPUIBHOCTHIO, XOPOIIMMU MEXaHWUYECKMMHU CBOWCTBaMH,
ITO3BOJISIIOIIMMH HCIOJB30BATh B TEYEHHUE JAECCATKOB THICAY LUKIOB ONPECHEHMS-
JecopOIUu KOHLEHTpaTa. Y IJ1epoAHbIe ME30IIOPUCThHIE KOMITO3HUTHI SIBJIIFOTCS BECbMa
MEPCIEKTUBHBIMA MaTepuaiamMu JJIsl peaii3allii HOBBIX 3JIEKTPOXUMHUYECKUX TEX-
HoJsioruil. ['padheHOBBIE a’porenu ABIAIOTCA Hanbosiee NepCrneKTUBHBIMU MaTepuaa-
MU JUI peaju3ally HOBBIX 3JIEKTPOXMMHUYECKHX TEXHOJIOTHMM, CO3JAaHUEM U TECTH-
pPOBaHUEM KOTOPBIX Mbl 3aHUMAEMCS B pAMKax Hallleid padoThI.

PannoakTrBHBIE BEIIECTBA MOTYT TaKK€ 3arps3HATh NpUPOAHbIE BoAbL. K mpu-
Mepy, BOJIbl 000ramarmTcs pagloHyKINJaMU MpU MPOX0XKIECHUU Yepe3 MOpOo/ibl, CO-
JepKalue pa3IMYHbIE paJdOaKTUBHBIE WU30TONBI. 3arpsi3HEHHE TPYHTOBBIX U MOp-
CKUX BOJl MOET MPOMCXOAMTh TAKXKE B PE3YJbTAT€ BHEIUTATHON AEATEIBHOCTU
MPEANPUATAN SIACPHOU DHEPIreTUKH, PA3JIMUHbIX aBapui, Takux Kak Ha ADC Dyky-
cuMa. OJEKTPOCOPOLIMOHHAs OYMCTKAa MOXKET OBbITh MCIIOJNb30BaHA MPU PEIICHUN
JAHHBIX BOIIPOCOB.

B cBs3u ¢ 3TUM yenvio Hamel pabOThl ABIAETCS MOTYyYEHUE BBICOKOTIOPUCTOTO
AIIEKTPONPOBOJIALIETO U THAPOPUILHOTO MaTepuaja JJisi eMKOCTHOM MeMOpaHHOU
JE€UOHHU3ALUU BOJBI.

Hamm 3a0auu:

A) oTpaboTKa BcexX CTauil CUHTE3a a’poresieid Ha OCHOBE YIJIEPOJHBIX HAHOMA-
TEPHUAJIOB C UCIIOJIb30BAHUEM M3BECTHBIX U MOJIU(ULIUPOBAHHBIX METOIUK;

b) pa3pabotka MeToAUK ruApOGUIU3AINH TOJTYyYeHHBIX MaTEpUasoB;

B) nzyuenue pu3MKo-XMMHYECKUX CBOMCTB KOHEUHBIX MPOIYKTOB;
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I') co3nanue Ha OCHOBE MOJYUYEHHBIX MATEPUATIOB MOPUCTHIX ANEKTPOJOB U Te-
CTUPOBAHUE MX JIJIS IYECK EMKOCTHOM MeMOpaHHOH JEHOHHU3AIUU BOJBI M DJICKTPO-
COpOLIMOHHOW OYMCTKH OT PAJUOAKTUBHOTO 3arps3HEHUS.

VYcranoBka i EJl BOAbI COCTOUT U3 HCTOYHUKA MUTAHUS, IEPUCTATBTUYECKOTO
Hacoca (C JIOTIOJTHUTEIBHBIMH €MKOCTAMH ISl KUIKOCTH, KOTOPYIO HEO0OXOIUMO
BBECTH B SUCHKY, M IS JKHJIKOCTH, KOTOPYIO HEOOXOIUMO BBIBECTH), SIYCHKH €M-
KOCTHOM MeMOpaHHOW JEeMOHHW3aIMK M KOHIYKTOMETpA JJISI U3MEPECHHUS JIEKTPOIIPO-
BOJTHOCTH pacTBOpa Ha BbIxoAe u3 siueiiku (puc. 1). KoHueHTpamuio XJIOpUI0B
HATPUS U LE€3UsI TAKKE OMPEACISIN aTOMHO-SMUCCUOHHBIM METOJOM Ha KalleJIbHO-
HCKPOBOM CIIEKTPOMETpPE C pyOMAHMEM B KadecTBEe BHyTpeHHero cranmapra. OCHOB-

HBIC YaCTHU STUCHKHN MMpCACTABJICHBI HA PUC. 2.

| ) NO3O0NMOYSHHAA NTACTUHA
..' o .';:k =) BHLICOKOTIOPUCTLIW 3NEKTpoR
T a8 & "3 ] 7 ) KAaTUOHMTOBaR membpana
Bl 5 R,
< 2 18
— = — iuToBan 6p
=) BLICOKOMNOPMUCTLIA 3MNEKTPOR
r ‘ 2 ( 5 i =) MO3O0NIOYMEHHAaA NTacTUHa
1 6
Puc. 1. YcTraHoBKa 11 EMKOCTHOH NEHMOHH- Puc. 2. Cxema sTUeliKH IS EMKOCTHOU MEM-
3aITiH BOJIBI: OpaHHOU JIEMOHU3AIIUU BOIBI
1 — zarps3uéHHas Boja; 2 — MEPUCTAIBTH-
YEeCKMM HAacoc; 3 — HCTOYHHUK ITMTAHHSI;

4 — pabouas sueiika; 5 — KOHIYKTOMETp;
6 — gncras Bosa; 7 — KOMITBIOTED.

Ha puc. 3 nokaszaHbl KpUBbIE U3MEHEHUSI KOHLICHTPALUMU XJIOPUJA HATPUS IJIs
JBYX TIOCJIEIOBATEIIbHBIX IIUKJIOB DJIEKTPOCOPOIMU-IeCOPOLIMU TIPU PACCTOSIHUU
Mexay anekrponamu — 0,2 cm. [Iporecc eMKOCTHOM MeMOpaHHOW JTIEMOHU3AINU SB-

JECTCA CUMMCTPHUYHBIM, ITIOJIHOCTBIO O6paTI/IMBIM H IIOBTOPAIOIIUMCA.
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Puc. 3. N3menenne konueHTpanuu NaCl B 3aBUCHMOCTH OT BpEeMEHHU B IMHAM K-
yeckoM pexume: Cqo (NaCl) = 1 r/am%; U = 1,2 B; pa3Mepbl MMOPUCTHIX IEKTPOIOB
(cm): 3x3x0,5; ckopocts motoka: 0,69 CMS/MI/IH; pacCTOsSIHUE MEXAY AJIEKTPOAaMHU:

0,2 cm.
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Puc. 4. Tpu nocnenoBaTebHBIX IIUKJIa SKCIIEPUMEHTOB €MKOCTHOW MeMOpaH-
HOW JEHMOHM3ALMM Ha ME30MOPHUCTBIX YIJIEPOAHBIX 3iekTpomax: Co = 1 F/IIMS;
U = 1,2 B; anektpoasl (cm): 12x3x0,2; paccrosaue mexay snekrpogamu: 0,3 cwm;

3
CKOpOCTh TIoTOKa: 1,15 cM™/MuH.
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Cpennee 3HaueHHE MEKTPOCOPOLIMOHHON EMKOCTH, PACCYUTAHHOE MO IKCIIEPH-
MEHTaJIbHBIM JJAHHBIM (CM. puC. 4) HA €AMHUILY MACChl CYXOr0 a’3poreisi COCTaBIsET
25 Mr/r, 4TO MPEBBINIACT MOJTYYCHHBIE B paHee OMyOIUKOBAaHHBIX padoTax |5, 6].

[IpensiokeHbl HOBbIE METO/bI CUHTE3a YIJIEPOJHBIX adPOresield YIIIEpOAHBIX BbI-
COKOITOPUCTBHIX KOMITO3UTHBIX a3pOTeNiei, e KapKac MpPEACTABIEH BOCCTAHOBJICH-
HBIM OKCHJIOM Tpad)eHa U YIJIepoAHbIMU HaHOTpyOKamu. Pa3paboTaHbl mpocThie Me-
TOJAWKH TIO TUAPOPUIN3AINHA CUHTE3UPOBAHHBIX O0PA3IOB. BTN M3roTOBICHBI HO-
BbI€ DJIEKTPOAHBIE MaTepUaibl I 3JIEKTPOCOPOLIMH, UCCIEAOBaHbl U UCIBITAHbI B
ANEKTPOXUMHUYECKUX STUEHKaX JIJIsT MeMOpaHHOM eMKOCTHOM neronu3amuu. Cpepxmo-
puctbie (6onee 99 %) yriaepoaHble KOMIIO3UTHBIE a3pOreiy € IJIOTHOCTBIO HE Oolee
0,02 r/cm®, nmeromie KECTKYIO CTPYKTYpPY M XapaKTEPHU3YIOIIHECS XPYIKOCThIO 00-
Pa3yIOIIMXCsl MOHOJUTOB, HE 3((EKTUBHBI B MPOIECCaX €MKOCTHOM MeMOpaHHOU
JEVOHU3ALNN. DJIACTUYHBIE a’poresu ¢ 0oJiee MIOTHOM CTPYKTYpO#, HOPUCTOCTHIO
110 95 % u mroTHOCTBIO He Meree 0,12 T/cM®, CHHTe3HPOBAHHEIE B IPUCYTCTBUM MO~
JMBUHUIIOBOTO CIHUPTA, UMEIOT OTHOCUTEIBHO BBICOKYIO 3JEKTPOCOPOLIMOHHYIO €M-
KOCTb 110 OTHOIIIEHHIO K XJIOPHJLY HATPHs, K IPUMEPY, €CIIM KOHLUEHTpAIUs pacTBOpa
1 r/nv°, To eMKOCTH MaTepmana moctraeT 25 Mr/r (3 mr/cm’). JlaHHBIE a’poreiu
TaK)Ke JJEMOHCTPUPYIOT XOPOIIYIO CTAOMIIBHOCTb, UTO JEJAeT UX OYEHb MEPCIIEKTHB-
HBIMU JIJIS UCIIOJIb30BAHUS B TEXHOJIOTHSIX EMKOCTHOM J€MOHU3ALIUU.

Kommno3utHble MaTtepuanbl Ha OCHOBE ME30MOPHUCTOrO rpadeH-coAepKaliero
yriepojia ObUTH TaKKe MTPOTECTUPOBAHBI B KaYeCTBE AJIEKTPoAoB st siueek EJI. bbi-
JIM TIOJIYYEHBI CIAEAYIOIINE TAHHBIE TI0 3JIEKTPOCOPOIIMOHHON eMKocTh: 14,6 mr/T (5,3
Mr/cm’).

[Tony4yeHHbIe JaHHBIE JEMOHCTPUPYIOT NEPCIEKTUBHOCTD MUCIOIB30BAHUS yTJIE-
POJHBIX a’poresieil B KaYeCTBE JIEKTPOIOB ISl YCTAaHOBOK 10 €MKOCTHOM MeMOpaH-
HOI IEMOHU3AINH U SJIEKTPOCOPOIINH PaTUOHYKIIU]IOB.

*Uccneoosanue vinoiHeno npu noooepixicke PODU 6 pamxax nayunozo npo-

exma Ne 20-33-901609.
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CARBON MATERIALS FOR WATER DESALINATION
BY CAPACITIVE DEIONIZATION

ABSTRACT

New techniques were developed for the synthesis of monolithic highly porous
composite aerogels (hydrogels) from reduced graphene oxide and carbon nanotubes,
as well as graphene-containing composites based on mesoporous activated carbon.
New electrode materials for electrosorption and deionization of water were fabricat-
ed. The resulting materials were investigated and tested in electrochemical cells for
membrane capacitive deionization (MCDI).

Keywords: aerogel; graphene; capacitive deionization; mesoporous carbon;
composite.

161



AACOPBIIUA KCEHOHA U KPUIITOHA N3 OBEJAHEHHBIX I'A30BbIX
CMECEM HA IIEJEBUJHBIX IIVIAHAPHBIX TPAG®EHOBBIX
CTPYKTYPAX

Domkun Anamonuii Anexceesuu™

. ¢h.-m.n., 3a6edyrowuii Jlabopamopueii
Apmamonoea Ceemnana /Imumpuesna
K.X.H., CMapuiuil HayyHvlli COMpPYOHUK
Iynun Anexcanop Jleonuooeuu

K.X.H., CMapuiuii HayyHvlli COMpPYOHUK
HlIkonun Anopeii Bauecnasosuu

K.X.H., 6€0YUWULL HAYUHBIU COMPYOHUK
Menvuwuxoe Hnoa Eezenveeuu

K.X.H., CMapuiuii HayyHvlli COMpPYOHUK

Hncmumym ¢huzuueckoti xumuu u 371eKmpo-
xumuu um. A.H. @pymxuna PAH
(UDX3 PAH)

Anatoly Fomkin*

DSc Pch.-Chem, Head of the Laboratory
Svetlana Artamonova

PhD in Chemistry, Senior Researcher,
Aleksandr Pulin

PhD in Chemistry, Senior Researcher,

Andrey Shkolin

PhD in Chemistry, leading scientific researcher
llya Men' shchikov

PhD in Chemistry, Senior Researcher,

IPCE RAS
Moscow, Russia
*Corresponding author: fomkinaa@mail.ru

Poccus, 2. Mocksa
*Aemop-koppecnonoenm: fomkinaa@mail.ru

AHHOTALIUA

Ha ocHOBe CTpYKTYyphl KpPUCTAJUIMYECKOTO rpaduTa pazpaboTaHbl MOJEIbHBIE
IIeJIEBUIHbIE MUKPOIIOPUCTBIE CTPYKTYPHI, B KOTOPBIX MUKPOIOPHI 00pa30BaHbI ITy-
TEM TEPUOANYECKOTO YIAJEHUsI OTAEIBHBIX CIIOEB TeKcaroHajapHOro yriepoxa. C
nomouibio Teopun 00BEMHOTO 3aMOJIHEHUS MUKPOIIOpP MPOBEACHBI pacuyeThbl aacopo-
LIMA KCEHOHA U KPHUIITOHA Ha MOJECJIBHBIX CTPYKTYpax, B KOTOPBIX MUKPOIIOPBI pas3-
JeJIeHbl IByMs IUIAHAPHBIMU T'pa)€HOBBIMHM CJIOSIMH. B 3aBHCHMMOCTH OT IIMPHUHBI
MUKPOIIOp a7copOIusi KCEHOHA MPOoXoauT dyepe3 Makcumym ripu 0.7 — 1.0 HM, oTBe-
YaIOIHUKM ONTUMAIBHON MOPUCTOM CTpYKType. llomydyeHHbIi pe3ynbTaT XOpOoumo COB-
MaJlaeT CO CTPYKTYPHO-DHEPrE€TUYECKUMHU XapPAKTEPUCTUKAMH MPOMBIIUIEHHOTO yT-
JIEPOAHOTO MUKPOIIOPUCTOTO acOpOEHTa, UCIIONIb3yeMOTo AJis BbiaeneHuss Xe u Kr
13 Ta30BBIX CMECEH.

KarwueBble cjioBa: ajncopOIus, KCEHOH, KPUIITOH, MHKPOIOPHI, rpadeHOBBIC

CTPYKTYpBbI
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B KOMIIOHEHTHOM cocTaBe NMPUPOAHOrO ra3a OTAEIBHBIX MECTOPOXKIAECHUU Poc-
CUU B HEOOJBIIMX KOHIEHTPALHUSIX MOTYT MPUCYTCTBOBATH LICHHBIE WHEPTHBIE I'a3bl
Xe u Kr, KoTopbI€ ABISIOTCS MPOAYKTAMU ATOMHBIX PEAKUIUN, IPOUCXOASIINX B 3EM-
HOM Kope. Belaenenue 3Tux ra3os, IpyU IPOMAIHBIX KOJIMYECTBAX ITOIYy4YaeMOro MpH-
POJHOrO rasa, IBJISIETCS aKTyaJbHOW M SKOHOMHUYECKH BBIFOJHOW 3amaudeil. OgHaKo
pelieHre 3Toi 3ajaun TpeOyeT HCIOJIb30BaHUS MHUKPOIOPHUCTHIX aJCOPOEHTOB CO
cHenu(pUIecKod MOPUCTON CTPYKTYpOHl M XUMHUYECKHUM COCTOSSHHEM IOBEPXHOCTH.
[lepcnieKTUBHBIMH aICOPOCHTAMHU JJIsl PEUICHUS 3a7]a4i MOTYT OBbITh YTIEPOIHbIEC al-
copOenthl. [lo nuTeparypHbIM JTaHHBIM 3HEpruu ajcopOunu Xe, Kr m ocHOBHOro
KOMIIOHEHTa MPUPOJHOTO raza MeTaHa COCTaBiSIOT: Xe ~ 24 k/[x/mons, Kr ~ 16
kJ[x/monb, CH4 ~ 8 xJIx/monb. CooTBercTByONME AU epeHIINaTbHbIE MOJIbHBIC
TEIJIOTHl aJIcOPOLMU TONOJHUTEIBHO BO3PACTYT M3-3a BIUSHUS MOPUCTOCTH Ha all-
copOLHIo.

B pabote npoBeneHo MoenrpoBaHue acopOLUU KCEHOHA U KPUIITOHA Ha psfe
YTJIEPOJIHBIX aJICOPOEHTOB C LIEIEBUIHON MUKPOIIOPUCTON CTPYKTypoil. B kauecTBe
MOJIETIbHOW CTPYKTYpPBI MCIIOJIB30BAJIM KpUCTAT Ipadura, B KOTOPOM IOCIEI0BA-
TEJIbHOE BBITOPAHUE CJIOEB I'€KCArOHAIBHOTO YIVIEPOJA IPU aKTUBALMHU YIJIEPOJHOTO
azicopOeHTa MPUBOAMUT K 00Pa30BAHUIO MICICBUIHBIX MUKPOTIOP Pa3HOW IIMPHHBI [1].
UccnenoBanu o0pa3zoBaHuE MUKPOMOPUCTON CTPYKTYPHI, TIOPHI B KOTOPOH paszzerne-
HbI JIByXCJIOWHBIMU TJIaHAPHBIMU IPA(PEHOBBIMH CTEHKAaMH, KaK HauOoJiee TEXHOJIO-
TMYHON TIOPUCTOMN CTPYKTYypoil. B Momenn Mukpomnop asis aHaiau3a BHIOpaHbI CTPYK-
Typbl C BBITOPaHUEM IIOCIEAOBATEIBbHO OAHOrO W3 maATH AVY1:5, nByxX M3 mectu
AY?2:6 u Tak nanee 10 CEMHU BBITOPEBIINX C10€B yriepoaa AY7:11.

OrpanudeHre KOJMYECTBA BBHITOPEBIIMX CIIOEB W UIMPUHBI MUKPOIOp — HE 00-
nee 3.0 — 3.2 HM, CBSI3aHO C MpPEACNIbHBIM Pa3MepoOM MHUKPOMOpP MO KiacCUpUKaIIU
M.M. Jlyoununa B Teopun o6bemHoro 3anonHenus mukpomnop (TO3M) [1]. Ctpyk-
TypHO-dHepreTudeckue xapaktepuctuku (COX) Takux ajacopOEHTOB, PaCCUUTAHHBIX

no TO3M, npencrasiensl B Ta0I. 1.
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Tab6n. 1. XapakTepUCTUKUA TOPUCTOM CTPYKTYPBI MOJEIBbHBIX aJCOPOECHTOB C

IICJIICBUIHBIMU MHUKPOIIOpaMHU, pa3acCICHHbBIMHA HBYXCHOﬁHBIMH Fpa(l)eHOBBIMI/I CTCH-

KaMU.
CtpykTypa AY AY AY AY AY AY AY
1:5 2:6 3:7 4:8 5:9 6:10 711
OddexTuBHAs MIMPUHA MUKPO-
b0 P P 5.3 8.6 12.0 15.3 18.7 22.0 25.4
mop Xo, A
VY nenbpHbI 00bEM MHKPOIIOP
_— 0.35 0.57 0.79 1.01 1.23 1.45 1.67
Wy, cMm™ T
XapakTepucTUIECKast SHEPTUs
azcop6iuu 6en3ona E, 455 27.8 20.0 15.7 12.8 10.9 9.5
K[[;K-Monb'l
XapakTepucTUIECKast SHEPTUs
ancopbuuu kcenoHa Exe kJx 2047 | 1251 9.00 7.06 5.76 4,90 4.27
MOJIB ™
[TnoTHOCTH afcopOeHTa C MUK-
1.515 | 1.137 | 0.909 | 0.758 | 0.649 | 0.568 0.505

pOIIOpaMHU paq, rem”

Ucnonp3yss COX MoAENbHBIX aCOPOCHTOB, PACCUUTANU aICOPOIIMI0 KCEHOHA U

KPUIITOHA C LEJIbI0 OLCHKH MapaMeTPOB ONTUMAJIbHOW MOPUCTON CTPYKTYPHI afacop-

OeHTa ¢ MaKCUMAaJIbHOM aJICOPOIIMOHHON aKTUBHOCTHIO 10 KCEHOHY B TpeOyeMOM HH-

TepBaJie JaBiieHui. Pe3ynbTaThl npeacraBieHsl Ha puc. 1 u tadn. 2. Kak cnenyet u3

puc. 1, c pocToM AaBlieHUs aJCOPOIHS KCEHOHA PACTET, HO eIle OOJBIIUN POCT Mpo-

SBJISICTCSI TIPU YMEHBIIICHUHN ITUPUHBI MUKPOIIOP aJICOPOCHTA, BCIEICTBUE YBEJIUYeE-

HUsl SHepruu ajacopomuu. OnHako, Kak cieayer u3 Tadi. 1, mpu 3TOM NPOUCXOAUT

YMCHBIICHUC o0BbeMa MUKPOIIOP, YTO, B KOHCYHOM CUCTC, IIPUBOAUT K IMAJACHHUIO aJl-

copbruu. B m300apHBIX YCTOBUSAX aJCOPOIMOHHAS aKTUBHOCTH B 3aBUCHMOCTH OT

IIMPUHBI MUKPOIIOP IPOXOAUT YEPE3 MAKCUMYM IpH mupruHe Mukponop 0.8 — 1.0 um

(puc. 1).
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a (mmol/g)
(&
1

Xe
293 K

1:5 2:6 3:7 4:8 5,9 6:10 7:11

P\

—

\

——5kPa
—— 10 kPa
—— 20 KPa
—— 40 kPa
60 kPa
80 kPa
— 100 kPa

S~

T
25

Xo (A)

Puc. 1. 3aBucumocTs agcopOunu Xe Ha MOJICNIbHBIX acOpOCHTaX MpH TeMIiepa-

type T= 293 K OT IMpUHBI MUKPOTIOP.

Pacuetst agcopOumu Kr Ha MOJIENbHBIX CTPYKTypax Tadi.l MoKa3bIBalOT, YTO C

YMCHBIICHUCM HIMPHUHBI MHUKPOIIOP M YBCIHMYCHHCM XapaKTepHCTH‘leCKOﬁ OHCPIUHU

ancopOuuu Kr pacrer, HO najaer ¢ yBeaIudeHueM oobeMa MUKponop (Tadiauna 2).

Tabn. 2. 3aBucuMocThb aacopoumu Kr oT maBieHust v dPPEKTUBHON IMIUPUHBI

MHKponop npu temreparype 293 K.

a, MMOJIB/T

Wo, Xo,
CtpykTypa P, kITa (T = 293 K)

ev’/r A

1 5 10 20 40 60 80 100

AVY15 035 | 53 | 079 | 146 | 201 | 267 | 3.33 | 3.74 | 405 | 4.29
AV 2:6 057 | 86 | 002 | 013 | 034 | 066 | 1.18 | 1.62 | 2.00 | 2.34
AY 3.7 0.79 | 12.0 0.01 | 0.06 | 0.17 | 0.31 | 0.47 | 0.64
AY 4:8 101 | 153

CpaBHEHHE TOJYYEHHBIX Pe3yJabTaToB OIeHKHM COX MOJEIbHBIX CTPYKTYp U

MIPOMBIIICHHBIX aJICOPOEHTOB [2] MoOKa3aiu, 4To HauboJjiee OJU3KUM aJIcOPOCHTOM

st aacopouuu Xe u Kr moxxet 0b1Th ancopoent CKT-3C.
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*Paboma evinonHena 6 coomeemcmeuu ¢ 20CY0apCmeeHHbiM 3a0anuem Ne
0081-2019-0018.
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ADSORPTION OF XENON AND KRYPTON FROM THE LEAN GAS
MIXTURES ON SLIT-LIKE PLANAR GRAPHENES STRUCTURES

ABSTRACT

The structure of crystalline graphite was used as a basis to simulate the model
slit-like microporous carbon structures, in which micropores were formed by period-
ically removing individual layers of hexagonal carbon. The Dubinin theory of volume
filling of micropores was employed to calculate the adsorption of xenon and krypton
on the model structures in which micropores were separated by two planar graphene
layers. The value of xenon adsorption plotted as a function of micropore width passed
through a maximum at 0.7—1.0 nm, which indicated the optimal porous structure. The
results obtained were coincident with the structural and energy characteristics of the
industrial microporous carbon adsorbent used to separate Xe and Kr from gas mix-

tures.

Keywords: adsorption, xenon, krypton, micropores, graphene structures.
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AHHOTAIUA
B pabote uccnenoBan cuHTe3 BhICOKO3(P(HEKTUBHOTO COPOIIMOHHOTO MaTepuaia
— a’porensi Ha OCHOBE OKcHa rpadeHa, MoAU(PHUITMPOBAHHOTO XUTO3aHOM, MTOJTyUYEeH-
HOTO C WCMOJB30BaHUEM CyOJIMMAIIMOHHOW OOpaOOTKH AJIsi COXpAaHEHHs pa3BUTOU
MOPUCTOMN CTPYKTYpHI. M3ydena kuHeTrka xuakodasHoi aacopOIuy Ha pa3paboTaH-

HOM MaTepHalie OpraHuYecKux Kpacurenen — MetusieHoBoro cuuero (MC) u conHeu-
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Ho xkentoro (CXK). Ycranosneno, 4to agcopbumonHas emkocth mo MC cocrtaBuia
1998 mr/r, mo CXK — 341 mr/r, a3gdextuBHOE BpeMs copoiuu — 10 MuH.
KiroueBbie cjioBa: KOMITO3UITMOHHBIN MaTepualr; afcopOeHT; okcua rpadena;

a’porelib, XUTO3aH; MOAU(PUITUPOBaHNE; THODUIBLHAS 00padoTKa.

[IpoOnema 3arps3HEHUs] OKpPYXKAIOIIEH Cpe/ibl, B YaCTHOCTH, 3arpsA3HEHUsI BOJI-
HBIX OOBEKTOB, OCTPO CTOUT TIEpe]] YeIOBEYECTBOM BO BceM Mmupe. B rumpocdepy
3emiid MOCTyNaeT OOJBIION CIEKTP 3arpsI3HAIONIMX BEIIECTB, KOTOPbIE MaryoHo BIJIH-
AIOT Ha KU3HENEATEIbHOCTh KUBBIX OPraHU3MOB, HA OKPY’KAIOIIYIO0 MPUPOIY U Ye-
noBeka. OCHOBHBIMM HCTOYHUKAMU 3arpsi3HEHUS] BOJIbI SIBJISIIOTCS CTOYHBIE BOJBI
MPEANPUATAN PA3TUYHBIX OTpPAcied MPOMBIIUICHHOCTH: TEKCTUIIBLHOM, momurpadu-
YECKOM, XuMH4YecKou [ 1].

CaMbIM JIEICTBEHHBIM METOJIOM YAQJICHUS TOKCUYHBIX 3arpsi3HEHUN HU3KUX
KOHIIGHTpAIui W3 BOJBI ABJISIETCS aACOPOIMs, KOTOpas MO3BOJSET U3BJICKATh BpE/I-
HBIC MPUMECH MTPAKTHUYECKH JI0 HYJEBBIX KOHIICHTPAITHH.

CymiecTByeT psiji TPAIUIIMOHHO MCIIOIB3YEMBIX COPOIIMOHHBIX MaTEpHUaliOB, B
YaCTHOCTH, JJIsl YJAJICHUs] OPraHUYECKHUX 3arps3HEHUN U3 BOJHBIX CHUCTEM IIUPOKO
MPUMEHSIOT aKTUBUPOBAHHBIN yroyib. OJIHAKO, C pa3BUTHUEM MPOMBIIIIICHHOCTH U PO-
CTOM TpeOOBaHUN K KauyeCTBY OUYMUCTKH, 3(P(HEKTUBHOCTh TPAAUIIMOHHBIX COPOCHTOB
CTAHOBUTCSl HEIOCTATOUYHOM. B CBSA3M C 3TUM, aKkTyalbHOU SIBJIAETCS 3a/a4ya CUHTE3a
HOBBIX BBICOKOI(P(PEKTUBHBIX MATEPUATIOB C YJIYYIIEHHBIMU (YHKIIMOHATHHBIMU
CBONCTBaMU.

3a oCcHOBY pa3zpaboTaHHOro Matepuaia opanu okcun rpadena (OI') B Bume Boj-
HOU cycrnieH3uH (M3-3a €ro YHUKAIbHBIX (PHU3UKO-XUMUYECKUX CBOWCTB, B YaCTHOCTH,
BBICOKOH yJIeTbHOM MOBEPXHOCTH). B KauecTBe MOAM(PUIMPYIOIIETO BELIECTBA ObLI
BBIOpAH XWUTO3aH — OMOIIOIMMED, KOTOPBIN HHTEpPECEH Oyiaroiapsi CmocoOHOCTH o0pa-
30BBbIBaTh OOJIBIIOE KOJMYECTBO BOJAOPOIHBIX CBA3EH C OpraHMueCKUMH BOJIOPACTBO-
PUMBIMH BEIICCTBAMHU.

ABTOpamMu CTaThbMl B KAa4ECTBE MOJICTBHBIX 3arps3HSIONINX BEIIECTB OBLINA HC-

nonb30BaHbl pacTBopbl MC u CXK kpacureneit. MC — 3T0 KaTHOHHBIN a30KPACUTEIb,
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B OCHOBHOM HCIIOJIb3YEMbIM I OKpacku matepuanoB [2]. OnHako u3-3a HaIu4us
apoMatnyeckoro koibia MC upe3BblYailHO TOKCUYEH, KaHLIEPOT€HEH U MPOLIECC €ro
paznoxxkenust oueHb cnoxkeH [3]. CXK (Kenrerit 6, E 110) — nuieBoii kpacuTenb, Uc-
MOJIb3YEMBIM ISl YAYYIICHUS OJHOPOJHOCTU IBETa, CTAOMIBHOCTH MPOAYKTOB K
KHUCIopoAay, cBeTy U PH (KoH(eThl, HAMTKX, MOJIOYHbIE MPOAYKTHI, (hapMarieBTu4e-
ckue npenapatbl). Tem He MeHee, upe3mepHoe notpediaenue CXK mMoxer npuBe3TH K
pa3BUTHIO 3a00JIeBaHUH (OIyXOJIH MOYEK, MOBPEKIACHUIO XPOMOCOM, TUIIEPAKTUBHO-
CTH, ajuieprun) [4].

CunTe3 aicopOIIMOHHOTO MaTepuana COCTOUT U3 HECKOJIbKUX cTaaui. [lepBbiM
ATANoOM SIBJISJIOCH MOTYYEHUE BOAHOTO pacTBOpa XUTo3aHa. /{1t 3Toro B BOAHBIN pac-
TBOp yKcycHOUM kuciothl (XY, PM Unxunupunr, Poccus) (2,5 macc. %) noGapisiiu
MOPOUIOK XMTO3aHA, 3aTeM mepeMemrBaii. CIeayronuM 3TanoM ObUIO CMEIICHHE
cycrieH3uu okcunaa rpadena (1 mMr/mi) ¢ pacTBOPOM XHUTO3aHA; IPEIBAPUTEITHLHO 3HA-
yenust pH cycnensun OI' 6pumu moBeaens! 10 10 (myrem no6asnenuss NaOH). [omy-
YeHHYIO cMech HarpeBand 10 95 °C B TeueHne 24 4, B pe3ysibTaTe 0OPa3OBBIBATICS
rujaporens «OI'-xuro3zany». [lomyueHHbIN TUAPOreNb moaBepraiu JMoPmIbHON 00pa-
ootke B cymmike (Scientz-10N, Scientz, Kurait) muis coxpaHeHUs TOPUCTON CTPYK-

Typsl (t = -55 °C, P = 10 ITa).

Puc. 1. BHemHMil BUJI TOMYyYEHHOTO aJCOPOLIMOHHOIO MaTepualia — KpUoress

OI'-xuTo3aH.

B npouecce npoBeaenust copOLnoHHbIX ucciieqoBanuii 0,01 © cuHTE3MpOBaHHO-

ro marepuana OI'-xuTo3aH momenianyu B MPOOUPKY € MOAEIBHBIM pacTBopoM MC
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i CXK (naganpHas kouentparus 1500 mr/m) oosemom 30 M. pH G6ydeproro pac-
tBOopa MC coctaBisn 6 (5,5 M yKCyCHOM KHUCIIOTHI; 4 T ruapokcuaa Hatpus; 994,5
M1 Boabl), pactBop CXK rotosuiu B 6ydepe ¢ pH = 2 (4 mit consiHOM KucnoTsl; 3,9 T
AMUHOYKCYCHOW KHUCJIOTBI;, 996 mut Boabl). Bpems koHTakta coctasisio 5, 10, 20 u
40 muH. B pe3ynbTaTe NpoBEACHHBIX UCCIEIOBAaHUN ObUIA MOTYYeHbl KUHETHUECKHE

3aBUCHUMOCTH IIponccca )KHI[KO(I)&SHOI’O u3pieueHuss MC u C)K, IMpCACTABJICHHBIC Ha

puc. 2.
2500
2000 — _—
=2 o —°
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% 1500 P
z / —o-MC
3 1000 | | A CK
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3 /
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| & —A—& A
{ -~
0 &
0

Bpemsa, mun

Puc. 2. Kunetnueckue 3aBucuMoctu ajacop6oiuu kpacuteneit MC u CX nHa rpa-

(enoBoM HaHOKOMMIO3UTE OI'-XUTO3aH.

AHanu3upysi MOJy4YeHHbIE JIaHHbIE, BUJHO, YTO T'pa(eHOBBI HAHOKOMIIO3UT
IIOKa3bIBAET BBICOKYIO AKTHUBHOCTH Npu norjomeHnn Mosekyisl MC u CX wu3
BOAHBIX pacTtBopoB. Ilpum sToM, 3ddexkTuBHOCTS nOrIOUIEHUS Mojiekyn MC
Kpacutensl 3HauuTeNbHO Bbile, yem st CK kpacurens. AacopOUuMoOHHAas €eMKOCTb
o MC cocraBuiia 1998 mr/r, mo CXK — 341 mr/r, a¢dexktuBnoe Bpems: copouuu — 10
MuH. TakuMm 00pa3oM, MOKa3aHO, YTO pa3padOTaHHBIN COPOIMOHHBIN MaTepual Ha
OCHOBE MOJU(MDUIIMPOBAHHOTO I'padeHa MposBISET BHICOKYIO PE3YJIbTATUBHOCTH MPHU

W3BJICUCHUU MOJICKYJI OPTaHUYECKUX KPACUTENCeH 13 BOAHBIX PaCTBOPOB.
Cnucok aureparypsl

1. Super-assembled highly compressible and flexible cellulose aerogels for

methylene blue removal from water / M. Luo, M. Wang, H. Pang, R. Zhang, J.
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2. Instant removal of methylene blue using water-soluble non-cadmium based
guantum dots / G.M. Mbaz, S. Parani, O.S. Oluwafemi // Materials Letters, 2021,
Vol. 303, 130495.

3. Banana stem based activated carbon as a low-cost adsorbent for methylene
blue removal: Isotherm, kinetics, and reusability / E. Misran, O. Bani, E.M. Si-
tumeang, A.S. Purba // Alexandria Engineering Journal, 2021, 07, 22.

4. PDMAEMA grafted microspheres as an efficient adsorbent for the removal of
Sunset yellow from pharmaceutical preparations, beverages and waste water / O.
Yayayiiriik, A.E. Yayayiiriik, P. Ozmen, B. Karagéz // European Polymer Journal,
2020, Vol. 141, 10089.

5. Fabrication of Graphene-Based Xerogels for Removal of Heavy Metal lons
and Capacitive Deionization / X. Gu, Y. Yang, Y. Hu, M. Hu, Ch. Wang // ACS Sus-
tainable Chemistry & Engineering, 2015, Vol. 3, no. 6, pp. 1056-1065.

SYNTHESIS OF GRAPHENE NANOCOMPOSITE MODIFIED
WITH CHITOSAN TO REMOVE ORGANIC COMPOUNDS
FROM AQUEOUS SOLUTIONS

ABSTRACT

The synthesis of a highly efficient sorption material — aerogel based on graphene
oxide modified with chitosan, obtained using sublimation treatment to preserve a de-
veloped porous structure, was investigated. The liquid-phase adsorption Kinetics of
organic dyes — methylene blue (MB) and solar yellow (SY), was studied. It was
found that the graphene-based nanocomposite adsorption capacity to MB was 1998
mg/g, to SY — 341 mg/g, the contact time was 10 min.

Keywords: composite material; adsorbent; graphene oxide; aerogel; chitosan;

modification; lyophilic treatment.
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AHHOTALIUA
B nacTosmieii pabote u3ydaercs MOIX0] M0 BapbUPOBAHUIO KOHTAKTHOTO BpeE-
MEHH B a3pO30JIbHOM CHUHTE3€ OJHOCIONHBIX yriiepoaHbix HaHOTpyook (OYHT) me-
TOJAOM XHMHYECKOTO OCaXJICHHS M3 ra3oBoi (a3wl. B mpenmaraemom moaxoje KOH-
TaKTHOE BPEMS PETYJIMPYETCS pacxo/laMH MOTOKOB, IIPU ATOM CTaJIMs aKTUBAIIUU Ka-

TaJanu3aTropa 0CTacTCA MOCTOSIHHOM BHE 3aBUCUMOCTH OT KOHTAKTHOTO BpPCMCHH. Pa3-
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paboTaHHBIN MOJXOA MO3BOJISIET KOHTponupyeMo HacTtpauBaTh JiuHy OYHT u, tem
CaMbIM, OIITORJIEKTPOHHBIE CBOMCTBA MOJy4aeMbIX TOHKHX IJIEHOK Ha ocHoBe OYHT,
KOTOPBIE MOTYT OBITh UCIIOJIb30BaHbI B IIUPOKOM CHEKTPE MPHUIIOKEHUN

KiloueBble cj10Ba: OJHOCIIOWHBIE YIJIEPOJHBIE HAHOTPYOKH; ad3pO30JbHBIN

XI1O CUHTC3, KOHTAKTHOC BPCM:I; IIPO3PAYHBIC ITIPOBOJAINNC IIJICHKH.

ABpPO30JBbHBIN CHHTE3 OAHOCIOWHBIX yriaepoAHslx HaHOTpyOok (OYHT) merto-
JIOM XUMHUYECKOTO OCaxKJeHus U3 razoBoit gasbl (XOI' D) apisiercst oHUM U3 HauOo-
Jiee IEPCHIEKTUBHBIX MeTOI0B cuHTe3a OYHT, MOCKOIbKY 3a CUET KpaiiHE BBICOKOTO
paz0aBieHuUs KaTalu3aTopa pocTa B ra3oBoil ¢aze yaaercs nzdexaTh OJJHOM U3 riaB-
HBIX TIpobOsieM B obsactu cuHTe3a OYHT — ux 3HauuTeNnbHON TEHJIEHLMU K arpera-
o 10, Kpome Toro, 3TuM MeTOAOM NPUHLUIHAIBHO BO3MOXKHO OJIHOCTaJAMITHOE
HEIPEPBIBHOE MTPOU3BOJCTBO TOHKMX NPOBOALIMX IUIEHOK Ha ocHoBe OVYHT c wuc-
M0JIb30BAHUEM PYJIOHHON TE€XHOJIOIMH, YTO SIBJSIETCS OJJHUM U3 HanOoJiee 3HAaUMMBbIX
UX NMpUMEHEeHH. TeM He MeHee, OTCYTCTBHE OO0IIe KMHETUYECKOHM MOJIENIN pocTa
OVYHT B aspo3onbHO# daze, o0ycioBiIeHHOE (PYHIaMEHTaIbHON HEBO3MOKHOCTHIO
MIPUMEHSATH KJIACCUYECKUE METO/bl UCCIEIOBAHUS KaTAIUTUYECKUX MPOLECCOB U3-3a
MOIBMXKHOCTH KaTaJIn3aTopa, 3aTOPMaKUBAET PA3BUTHE 3TOI0 METOAA.

B Hacrosimeit pabore mpenyiaraeTcsi HOBasl CTpaTerusi MO KOHTPOJIHPYEMOM
Hactporike mmHbl OYHT 3a cuer BapbUpOBaHUs KOHTAKTHOTO BPEMEHHU [2]. Jnuna
OVHT saBnsieTcs OOHUM W3 KITIOYEBBIX MApaMETPOB, OMPEACIAIONIUX ONTOAIEKTPOH-
HbI€ CBOMCTBA MOJYyYa€MbIX TOHKUX MPOBOJAIIMX IJIEHOK, TO3TOMY MpEAJIaraeMblii
MO/IXO0/ MO3BOJIAET TAKXKE CO3/1aBaTh IUIEHKHM C KOHTPOJUPYEMBIM SKBUBAJIECHTHBIM
ITOBEPXHOCTHBIM CONPOTUBIIEHUEM (ITOBEPXHOCTHBIM CONPOTUBIEHUEM IIPU IMPO-
spaanocT 90 % B cepenHe BHANMOro aAuarnasoHa, Ryo) [3!. HauGosee BaxHoil oco-
OCHHOCTBIO MeTojAa sBNsieTcs (UKCHpoBaHWE (pa3bl aKTHBAIIMU KaTaM3aTopa, YTO
JOCTUraeTcsl 32 CYET MOACTPOMKH HCIIONb3YEMBIX T'a30BBIX PACXOJ0B, & UMEHHO, B
(bUKCHPOBAHHOW KOHIICHTpAIlMU TMPEANIeCTBEHHUKA Kartanuzatopa (deppolieHa) u
CKOPOCTH €r0 BBOJA B TrOpsAYYI0 30HY peakTopa. [IockosbKy pasMep HaHOYAaCTHI] Ka-

TAJIN3aTOpa HAXOIUTCSA B MPSMOU KOPPEJSIHMH C TUAMETPOM HaHOTPYOOk [4], mpu
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TakoM mojaxoje cuatesupytores mwieHkn OYHT ¢ pukcupoBaHHBIM pacripeeieHueM
OVYHT no nuamerpy u KoHTpoJiupyeMo# ninuHoi. Ha puc. 1 mpuBeneHo TUIMYHOE
U300pakeHue, MOTYyYEHHOE CKaHUPYIOIIeH (pacTpoBOif) SJIEKTPOHHOW MHKPOCKOIIH-
et (COM), myukoB OYHT c 3aBucumoctsio qiauabel OYHT ot 3agaBaemMoil BETUYMHBI
KOHTAakTHOrOo BpeMeHH. [[nuHa nmyuka OYHT BbIpak€eHHO pacTeT ¢ yBEIUYEHUEM
KOHTaKTHOT'O BPEMEHH, UYTO MOJTBEPKAAET COCTOATEILHOCTh pa3pabOTaHHOTO MO/I-

xoJa.

(6) T
=

(2]
!

(9]
1

_Yacrtora

AnunHa nyyka OYHT (

S
]

:1 é'é'110'112 1'4
KoHTakTHOE Bpems (c)

: 1 0 100
[nuHa nyuka OYHT (MKM)

o
N

Puc. 1. a) Tunmunoe uzodpaxenne COM myukoB OYHT ¢ cooTBeTCTBYOIINM
pacrnpenesieHueM 1o JInHe (BCTaBKa B MPAaBOM HIDKHEM YTiny); 0) 3aBUCUMOCTH JIJTU-

Hbl ydka OYHT 0T KOHTaKTHOTO BPEMEHHU.

[TomuMo dyHIaAMEHTAIBHON 3a/1auyd KOHTPOJUPOBAHUS JJIUHBI TIPU (UKCUPO-
BaHHOM (paze akTHUBAIIMM KaTaJIM3aTopa, pa3padaThiBacMasi CTpaTErusl TaKKe Halese-
Ha ontumu3anuio cuHte3a OYHT-ocHOBaHHBIX MPOBOAAIIMX IWIEHOK. C MOMOIIBIO
YBEJIMYEHHS JJIMHBI TPYOOK yHalOCh CYIIECTBEHHO CHU3UThH 3HAUEHHUE IMOKA3aTEIs
Rgo. Ha puc. 2 npencraBneHa 3aBUCUMOCTh Rgy OT KOHTakTHOTO BpeMenu. [Ipu yBe-
JUYCHUM KOHTAKTHOTO BPEMEHU MPUMEPHO B TPH pa3a HAOIIOIAeTCs Craj] SKBUBA-
JIEHTHOT'O MOBEPXHOCTHOI'O COMPOTUBIICHHS IOUYTH HA MOPSAJIOK.

Takum 00pa3zoM, pa3paOOoTaHHBIA B TOM pabOTE MOIXOJ, C OJHOW CTOPOHHI,
CIIOCOOCTBYET pelIeHn0 (PyHIaMEHTaIbHOW 3a7aui KOHTPOJIUPYEMOTO BapbhbHUpOBa-

Hust Hbl OYHT, cuHTE3upOBaHHBIX METONOM a’3po30JibHOro XOI'®, a ¢ apyrou,
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MMO3BOJBICT CYHICCTBCHHO YIIYUIIHNTL OITOJJCKTPOHHLIC XAPAKTCPUCTHKHU TOHKHX

MIPO3PAYHBIX MPOBOIAIIMX IEHOK Ha ocHoBe OYHT.

R, (kOm/D)

0 - T ! T X T Y T v T T
4 6 8 10 12 14
KoHTakTHOEe Bpems (C)

Puc. 2. 3aBUCHMOCTb SKBHBAJIEHTHOTO ITOBEPXHOCTHOTO CONPOTHUBJIEHUS OT

KOHTAKTHOI'O BPECMCHHU.

*Paboma ovlna noooepoicana epanmom PH®D No 20-73-10256.

Cnucok qureparypbl

1. Recent Developments in Single-Walled Carbon Nanotube Thin Films
Fabricated by Dry Floating Catalyst Chemical VVapor Deposition / Q. Zhang, N. Wei,
P. Laiho & E. I. Kauppinen // Topics in Current Chemistry, 2017, Vol. 375, pp. 1-30.

2. Residence time effect on single-walled carbon nanotube synthesis in an
aerosol CVD reactor / 1. V. Novikov, et al. // Chemical Engineering Journal, 2021,
Vol. 420, p. 29869.

3. Structure-dependent performance of single-walled carbon nanotube films
in transparent and conductive applications / E.M. Khabushev, D. V. Krasnikov, J. V.
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4, Correlation between catalyst particle and single-walled carbon nanotube
diameters / A. G. Nasibulin, P. V. Pikhitsa, H. Jiang, E. I. Kauppinen // Carbon, 2005,
Vol. 43, pp. 2251-2257.

RESIDENCE TIME AS A TOOL FOR ADJUSTMENT OF AEROSOL CVD
SYNTHESIS OF SINFLE-WALLED CARBON NANOTUBES

ABSTRACT

In this work, we study an approach to varying the residence time in the synthesis
of single-layer carbon nanotubes (SWCNTSs) by aerosol chemical vapor deposition
(CVD) method. In the proposed approach, the residence time is regulated by the
flowrates, while the catalyst activation stage remains constant regardless of the resi-
dence time. The developed approach makes it possible to vary the length of the
SWCNT in a controlled manner and, thereby, the optoelectronic properties of the re-
sulting SWCNT-based thin films.

Keywords: single-walled carbon nanotubes; aerosol CVD synthesis; residence

time; transparent conductive films.
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AHHOTANMUSA

[Ipenyioxkena TexXHOIOTUS MOAUDUIIMPOBAHUS MOTOPHBIX Macejl MaJIOCIOWHBI-
MU TpadeHOBBIMU IIaCTUHAMHU. [IpOBENIEHBI UCTIBITAHUE JIETKOBBIX aBTOMOOWJIEH U
ONpeaeNeH psAll XapaKTEePUCTUK MPU KUCIONIb30BAaHUU CTaHJAPTHOTO U MOAU(PULIUPO-
BaHHOTO IPa)€HOBBIMH IJIACTUHAMU MOTOPHOTO Macra.

KuiroueBrblie cioBa: manocioiiHble Tpad)eHOBbIE MIACTHHBI; KOMIIPECCHUS; pac-

X0 TOILIMBA; COACPKAHUEC Ira30B; OKCHUJL YIJICpOoaa

Beenenue. Ilpu skcruiyaTaluu aBTOTPAHCIOPTa CYIIECTBYET PNl MpOOJIEeM:
00JIBILION pacxo/] TOIJIMBA M3-3a MOTEPh MOIIHOCTH Ha TPEHUE B ABUTATENE U IPYTUX
y37aX; U3HOC COINPHUKACAIOIMIMXCA U ABWKYIIMUXCS OTHOCHUTEIBHO JIPYTr JApyra JeTa-
JIEW, 4TO IPUBOAUT K COKPALIEHUIO CPOKA AKCIUTyaTalliy; YMEHBIICHUE KOMIIPECCUU
B IIPOLIECCE DKCIUTyaTalllK; MOBBIIIEHHOE COEpKaHUe OKcuaa yriaepoaa. s pemre-
HUS YaCTH U3 YKAa3aHHBIX POOJIEeM HCMOJIb3YIOT MOTOpHbBIE Macia. [Ipu ynydiienun
XapaKTEPUCTUK CMAa304YHBIX MaTepUalioB HCIOJIb3YIOTCA pa3linyHble J00aBKH,

HanOoJiee MEePCIEKTUBHBIMU M3 KOTOPBIX SBISIOTCS rpadeHoBbie miactunbl [1]. Mc-
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MOJIb30BaHuE Tpad)eHOBBIX TUTACTHH B Ka4€CTBE MOJU(PUKATOPOB CMA30YHBIX MaTe-
pUaloB B MPOMBIINUICHHBIX MaclITadax CIEpKUBAECTCS BBICOKOM CTOMMOCTBIO U
CJIO)KHOCTBIO TE€XHOJIOTUU UX Tpou3BojcTBa. HOBbIE MEpCHEKTHUBBI UCIOIb30BAHUS
rpadeHa B kauecTBe aHTUDPUKIIMOHHON JOOABKH K CMa30YHBIM MaTepuajgaM OTKPHI-
JUCh TIOCJEe pa3pabOTKX TEXHOJIOTHM TMOJy4deHUs rpadeHCoAepKalIuX CyCIeH3Uul
METOJIOM XUAKO(DA3HOU CIBUTOBOMIO pacciioeHusi rpadura [2 — 4]. DxcrnepumeH-
TaJdbHO YCTAHOBJIEHO, YTO rpa()€HOBBIC MIACTHHBI YIYYIIAIOT MPAKTHUYECKU BCE KC-
IUTyaTallMOHHBIE XapaKTEPUCTUKH TJIACTUUHBIX cMa3okK [5]. Takum oOpazom, Leneco-
o0pa3HO pacupsATh 00JaCTh BO3MOXKHOTO MPUMEHEHUs I'pa(eHOBBIX IUIACTUH AJIS
yIy4lIEeHUs] TPUOOTOTUUECKUX XapaKTEPUCTUK CMA30YHBIX MaTEPUAIOB.

IIpousBoacTBO MacasiHbIX rpad)eHOBBIX KOHIIEHTPATOB. Pazpaborana u 3Kc-
MEPUMEHTAIBHO HCCJIEA0BaHA TEXHOJIOTHSI MPOM3BOJCTBAa I'paeHOBBIX IJIACTUH B
Mmacie [6]. g mpou3BOACTBA MACHISHBIX IPaEHOBBIX KOHIIEHTPATOB MCIIOJIb30BAIH
ATy TEXHOJIOTHIO, HO MOCKOJBKY B MOTOPHBIE Macjia HaJ0 J00aBJIATh TOJIHKO Majo-
CJIOMHBIE Tpa(e€HOBBIE MIIACTUHBI, TPOBOJMWIMN 00JIe€ TOHKYIO (PUIbTpaLnio rappeHo-
coJepiKalllel cycrneH3nu. B KoHeYHOM pe3ynbTaTe nojydainu KoHueHtpar ¢ 10 %
MaJIOCJIOMHBIX TpadEeHOBBIX IJIACTUH (HE OoJsiee 5 CIO0EB). DKCIEPUMEHTAIBHBIC M C-
CJIEIOBAHUS TOKAa3aliu, YTO JIaXKe MOCJe AIUTEIBHOr0 XpaHneHus (0osiee 6 MecsIeB) ¢
HCIIOJIb30BAaHUEM KOHIIEHTpaTa MOXHO HPHUTOTOBUTH CYCIIEH3UIO C KOHIEHTpaLHEH
rpadenoBsix iactud 110 0,1 macc. %.

MoaupuuupoBanue MOTOPHOI0 MacJia rpageHOBBIMHM IJIACTUHAMM.
MacnsiHyo CyCIEH3UI0 TOTOBWJIM U3 KOHUEHTpaTa 00padOTKOW yJIbTPa3ByKOBOBBIM
renepaTopom Bomna-M npu remneparype 100 — 110 °C B teuenne 30 MmunyT. YCTOIM-
YHBOCTh CYCIIEH3UH IPOBEPSUTH BbIIep kKol B Tepmorikady mpu 100 — 110 °C B Te-
yeHue 48 yacoB. B skcrnepuMeHTax HCMONb30Bajach CyCIEH3Ms, HE Jaromias ocal-
koB. KoHmenTpamus rpadena B MoTopHoM macie coctasisia 0.01 %. Macno 3anu-
BaJIOCh B JIETKOBBIE aBTOMOOWIIH, M WX JKCIUTyaTallusl MPOU3BOAMWIACH pabodyem pe-
xume. [{o 1 nociie npobera aBTOMOOUIIM TECTUPOBAJIMCH HA CTEHAaX B XapOUHCKOM

MMOJIUTCXHUYICCKOM MHCTUTYTC. Pe3y.]'H)TaTI>I TCCTUPOBAHMUA IIPHUBCACHLI B tabi. 1 — 6.
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Tab6a. 1. PesynbTaThl ucnbiTanuii aBToMmoomiist 1 (mpober 200 ThIC. KM).

Howmep Kommnpeccus no Kommpeccus rocne 3aMeHbI Maciia Ha Macio
LWIMHApA BBEJICHUS CYC- ¢ rpaeHOM U mociie npodera
neH3uu rpade- 0 x™m 400 km 900 xm
Ha, aTM

1 8 8 8,5 8,5

2 8,5 8,5 8,5 9,0

3 8 8 8,5 8,5

4 8,5 8,5 9.0 9,0

Tabn. 2. Pacxon ToruimBa aBToMOOMIIA 1 10 ¥ mOCi€e 3aMEHbBI Macia.

Ne i/m VYcnoBus Pacxon rormuBa(in) Ha 100 kM
Ha CKOPOCTH
1 30 xm/gac 60xm/gac
2 Jlo 3amMeHbI Macia 6,36 6,5
3 [Tociie 3ameHbl Macia 5,57 6,4

Ta6a. 3. Pacxon ToruimBa aBTOMOOMIIA 2 IO M IOCJIE 3aMEHBI Macia

Ne n/m Ycnosus Pacxon ToruBa (1) Ha 100 km
Ha ckopoctH 135 km/yac
1 Jlo 3amenbI Macia 11,1
2 ITocne 3ameHbl Macia 9.0

Tabn. 4. Pe3ynbTaThl aHAIM3a BRIXJIONMHBIX ra30B aBToMoOmist Ghangan Jie Xiulj

J0 U IIOCJIC 3aMCHBI MacCJjia Ha MacCJIO C Fpa(l)CHOM.

CocTaB BEIXJIOITHEIX I'a30B CO HC NOy CO HC NOy
O60poTHI 800 06/mMuH 3500 06/Muu
Jlo 3amMeHBI Maciia 14,47 6,56 2,02 6,72 13,94 76,0
[Tocne 3amens! 1 mpodera 200 9,5 1,64 2,69 3,08 71,6
KM
[Tocrne 3amensl 1 ipodera 900 3,02 3,65 2,7 2,34 4,75 70,2
KM
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Ta6n. 5. Kommpeccust nerkoBoro aBromoomis ¢ mpooerom 250 000 kM 110 u mo-

cJie 3aMEHBI Macja Ha Maciio ¢ rpad)eHOM.

Howmep Kommpeccust no 3ame- Kommnpeccus nocie
LWINHApA HBI Macia 3aMeHbl Macja
2016-9-27 2016-11-9
1 6.8 11.0
2 8.0 10.0
3 7.7 10.5
4 7.5 115

Ta6xn. 6. BeIXJIONIHBIE ra3bl CTAPOro aBTOMOOWIIS 10 M MOCJIE 3aMEHbI Maciia Ha

Macyo ¢ rpadeHOM.

CocraB razon (6[0) HC
Coneprkanue ra3oB J10 3aMEHbI 0.12 6
Macia

ConeprkaHue ra3oB MOCJIE 3aMEHbI 0,02 4
Maciia

Pe3yabTaTrhl npuMeHeHus rpageHa B MOTOPHOM MacJe
- OTCYTCTBUE OTPHUIATEIBHBIX PE3YJIbTATOB.
- YMmensIienue coqepxxanus okcuaa yriaepozaa (CO) u Hecropesiiield apoMaTHKU
(HC),
- (m1st crapeix g0 10 pas, 1uist HOBBIX HE3HAYUTEIBHOE).
- YBenuuenue kommpeccuu JIBC na 0,1 — 0,5 Mma.

- YMeHbllleHne pacxoja Tormea Ha 5 — 25 %.

Cnucok aureparypsl
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TECHNOLOGY FOR MODIFYING PLASTIC
LUBRICANTS WITH GRAPHENE

ABSTRACT
A technology for modifying engine oils with low-layer graphene plates has been
proposed. Passenger cars have been tested and a number of characteristics have been
determined using standard engine oil and engine oil modified with graphene plates.
Keywords: low-layer graphene plates; compassion; fuel consumption; gas con-

tent; carbon.
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AHHOTALASA

[Ipennoxkena HoBasi TexHOJOTUS noixydeHus ruOkux SERS-nmoanoxek Ha ocHO-
Be rpa)eHa 1 HAHOCTPYKTYPUPOBAHHOTO CUJIMKOHA JIJIsl IPUMEHEHUS B KQU€CTBE BblI-
COKOUYYBCTBHUTEJBHBIX CEHCOPOB OMOJIOTHYECKUX 0OBEKTOB MUKPOHHOTO pa3Mepa.

KuroueBbie caoBa: rpadeH; HAHOCTPYKTYpUPOBaHHbIA CcUIMKOH; SERS-

MO/IJIOKKHU; OMOCEHCOPBI.

IToBepxHOCTHO-yCHIIEHHOE paMaHOBCKoe paccesHue cBera (SERS) sBnsercs
MOIIHBIM U BBICOKOCEJIEKTUBHBIM HHCTPYMEHTOM, MO3BOJSIOMINM XUMUYECKH UICH-
TUDUIMPOBATH U ONPENEIATh CTPYKTYPY MaTEpPHAIOB U MOJIEKYJI HA OCHOBE HMX CIIe-
nupuuecknx BUOpaunoHHBIX cBszen [1, 2]. JaTuuku Ha ocHoBe SERS-TexHonoruu
HaxoJAT Bce OoJjiee MIMPOKOE MPUMEHEHHE B TaKMX OOJIACTAX, KaKk OMOCEHCOpUKa,
aHaJMTUYECKasl XUMHUS, MEIUIIMHCKAs TUarHOCTUKA, KPUMUHAIUCTHKA, KOHTPOJIb Ka-
YeCcTBa MUILIEBOW MPOIYKIIMM U MOHUTOPHHI OKpykaromen cpensl [3, 4]. K ocHOB-
HbIM TNpeumytiecTBaM SERS-1aT4ukoB MOKHO OTHECTH [1]: @) BO3BMOXKHOCTb IpOBE-
JICHUSI HEepa3pyLIAIOIIero KOHTPOJIsI, 0) OJHOBPEMEHHass HACHTU(UKALIUS cpa3y He-
CKOJIBKUX BEILIECTB, B) MPOCTOTA PEau3allii B MOJIEBBIX YCIOBUIX C MOMOUIBIO TTOP-
TaTUBHBIX MPUOOPOB, T') BHICOKAs] YYBCTBUTEIBLHOCTh K HEOOJBIIUM KOJUYECTBAM
aHAJIM3MPYEMOI0 BEIECTBA, B) BO3MOXKHOCTh MPOBEJACHUS U3MEPEHUN B OHOJIOTHYe-
CKHX Cpeliax.

B Hacrosmee Bpems NEPCHEKTHBHBIM HampaBiieHHEM pa3Butus SERS-
TEXHOJIOTHI siBisieTcsl pa3paboTka SERS-akTUBHBIX MOBEpXHOCTEH HAa ocHOBe 2D-

MaTepuaIoB, B YaCTHOCTH, r‘pa(beHa " €ro nmpon3BOAHBIX. Baxxaeim MNpeuMyi€cCTBOM
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rpad)eHOBBIX MaTEpPHAJIOB IMEpel TPAAUIMOHHBIMA METAJUIAMH SIBJISIETCSI HEBBICOKAs
1IeHa (M0 CPAaBHEHMIO C OJIArOPOIHBIMUA METAJIAMU ), HETOKCUYHOCTh MTPU KOHTAKTE C
OMOJIOTUYECKUMH CPEelaMH, XMUMHYECKasi CTaOWJIBbHOCTh MPH BO3JCUCTBUM pa3iny-
HBIX (DAaKTOPOB OKpY’KaroIIel cpelbl U CIOCOOHOCTH MOJABIATH (POTOIFOMHUHECIICH-
110, HeXKeNaTelbHyo B pabore SERS-naTunkos [5].

Eme onHMM mepcneKkTUBHBIM HarpaBiieHHMEM pa3BuTusi SERS-texHomoruii siB-
nsietcst pazpaboTka TOkux SERS-monnokek Ha OCHOBE MOJUIMMETHIICHIOKCAHA
(ITIMC), xoTOphIi OTIMYAETCS BBICOKOM CTENEHBIO SJIACTUYHOCTH, ONTHYECKOM
MIPO3PAYHOCTHIO U HETOKCUYHOCTBIO, YTO MO3BOJISIET UCIOIB30BATh €r0 Jaxe sl CO-
3nanust ouonornyeckux ceHcopoB [6]. SERS-noanoxku Ha ocHose IIJIMC obnana-
10T KaK Obl «JIMIIKOW» CTPYKTYPOMH, U TIO3BOJISIFOT B OJTHO KacaHHE cOOMpaTh BEIIECTBA
Ha aHaJIU3 JaXke C TPYJHOAOCTYIHBIX MOBEPXHOCTEN POU3BOJIBHON (HOPMBI.

VYuuThIBas BCE PACCMOTPEHHBIE BBILIE MPEUMYIIECTBA I'pa)eHOBBIX U CHIIMKO-
HOBBIX MaTepuajoB, Mbl pa3paboTanu TexHojiorutro cosganus SERS-noamoxkek Ha
OCHOBE  HAHOCTPYKTYPUPOBAaHHOMW  CHJIIMKOHOBOM  Martpullbl U TpadeHo-
METAJJTINYECKOr0 IUIa3MOHHOTO TMOKPBITUA. JlaHHAs TeXHOJOrusi BKJIKOYAEeT B cels
CJIeIyIOLIME ATaMbl: 1) MoayyeHue HaHOCTPYKTYPUPOBAHHBIX KPEMHUEBBIX (HOpM (o-
TOJINTOTpapUUECKUM METOJOM, 2) UCIIOJIb30BAHNE MOTYYEHHBIX (JOPM AJIsl peruivKa-
LMY CUIIMKOHOBBIX MOJJIOKEK, 3) MOKPHITHE HAHOCTPYKTYPUPOBAHHOM CHIIMKOHOBOM
MOBEPXHOCTU KOMILUIEKCOM “TpadeH-30JI0TO” C MOCIEAYIOUIUM OTKUTOM. 3D Moaenb
IIOJIy4YEHHOW NOJJIOKKH, ITOCTPOEHHAs MO JTaHHBIM aTOMHO-CUJIOBOW MUKPOCKOIIWH,

IpeACTaBIIeHa Ha puc. 1, a.
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Puc. 1. a) 3D uzo6paxkenue SERS-1moyioxkku Ha OCHOBE HAHOCTPYKTYPUPOBAH-
Horo IIJIMC, rpadena u 3010Ta; 0) paMaHOBCKUUM CHEKTp, MOJTYUYEHHBIN IS eau-
HUYHBIX KJIETOK KpOBU Ha pa3zpaboTaHHON HaMu mojyioxkke (1), a Takyke Ha MO0 K-

Kax U3 cTekia (2) u 3o10ta (3).

Hanee SERS-nonnoxxku ObUTH UCTIOIB30BAHbI JJIs1 aHAIN3a €AMHUYHBIX KJIETOK
KpOBH B OHMosiorndyeckux cpeaax. CornacHo mosydeHHbIM daHHbIM, SERS-nonnoxku
Ha ocHoBe I[IJIMC, rpadeHa u 30J0TBIX HAHOYACTHUI[ OTIMYAIOTCS TOBBIIICHHBIM

7 .
(bakTOpoM yCHIIeHHs] paMaHOBCKOro paccessHus (> 10°) (puc. 1, 6) u Guosnornueckoi
COBMECTUMOCTBIO, UTO MMEET peIllarollee 3HaAUeHUE ISl CO3JaHusl OMOJOTHYECKUX

CEHCOPOB.
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TECHNOLOGY FOR PRODUCING FLEXIBLE SERS-SUBSTRATES
BASED ON GRAPHENE AND NANOSTRUCTURED SILICONE

ABSTRACT
A new technology has been proposed for the production of flexible SERS-
substrates based on graphene and nanostructured silicone which are intended for use
in biological sensing.
Keywords: graphene; nanostructured silicone; SERS-substrates; biosensors.
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AHHOTALIUA
Hcnonp3ys n1Ba pa3HbIX NMpeKypcopa Al MOAPbIBA — CMECHh TPOTHIIA C TEKCOTre-
HOM WJIA TE€TPUJI, CHHTE3UPOBAH HOBBIM YIJIEPOAHBINA AUCIIEPCHBIN MaTeprall — IIUX-
Ta JIETOHAIIMOHHOTO HaHoaMa3za, oboramieHHas 6opom. CTpyKTypa HaAaHOTOPOIIKOB
HCCIIEIOBAHA METOIAMHU MaJIOYTJIOBOTO PACCESIHUS HEUTPOHOB, HU3KOTEMIIEPATypHOU
a7IcCOpOIMK a30Ta M CKAaHUPYIOIIEH JIEKTPOHHON MUKPOCKOIUU. BBISBIIEHO BIUSHUE

MpeKypcopa Ha ME30CTPYKTYpPY HAaHOMOPOMIKOB. OJMH U3 BUIOB MOPOLIKA anpoOu-
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pOBaH AJis IpeAnoceBHOM 00paboTku ceMsiH IlexuHckoit kamyctbl. OOHapyKEHO TOo-
JIOKUTENBHOE BIUSHUE 3TOH 00pabOTKM Ha POCT U Pa3BUTHE PACTEHUIA.
KiroueBble cjI0Ba: 1€TOHAIIMOHHBIA HAaHOAIMA3; alIMa3Has MIMXTa; HAHOMIOPO-

IOK; TIPEIoceBHast 00paboTKa CeMsH.

Jleronannonnesie HaHoanMasbl (JIHA) u anmasznas muxta (ALl — momynpoaykT
cunte3a J{HA, ABIAOTCS 00BEKTOM MPUCTATBHOIO M3YUYEHUSI KaK MEXaHU3Ma UX I0-
Jy4E€HUSI U CBOWCTB, Tak U UX npuMmeHeHus [1]. AIIl uMeeT OYeHb CIIOKHYIO CTPYK-
TypY, COAepKallyto kak cooctBeHHo JJHA, Tak u npyrue — HeanmMasHble (hOpPMBI yT-
nepoxna. B to xe Bpems croumocth Alll B 3 — 5 pa3 MeHbIIe CTOMMOCTH OYMIIIEHHBIX
JHHA (~ 300 gommapoB CIIA 3a 1 xr). Eme 6onee cnoxxHbIN cOCTaB UMEET CMECh
Alll, nonmpoBaHHasA reTEPOATOMAMHU PA3IUYHBIX 3JIEMEHTOB, YTO MPUAAET aIMa3HON
IIMXTE HOBBIE TEXHUUECKH MOJI€3HbIE cBOICTBA. [Ipo0iemMa u3ydeHus: HaHOTIOPOIIKOB
TaKUX CJIOKHBIX COCTaBOB SIBJISIETCSI YPE3BBIYANHO aKTyaJIbHOW, YUUTBIBAsI BO3MOK-
Hble 00JIACTU MX NMPUMEHEHHUs (CEeIbCKOE XO3SHCTBO, MOJIMMEp-aJMa3Hble KOMIIO3H-
LMY, MacCJsHbIE KOMIIO3ULUH, JJIEKTPOXUMHUYECKUE METALI-aJIMa3HbIE MOKPBITHS U
np.) [1]. B nannom nokiane OyAyT mpeacTaBiIeHbI Pe3yabTaThl UCCIEIOBAHUS CTPYK-
Typbl 2-X HOBBIX HaHomaTepuanoB — Alll, gomupoBaHHON OOpPOM, MOIYYEHHOU W3
JIBYX pa3HbIX MPEKYPCOPOB sl moapkiBa [2]. Jljist U3ydeHUsI X CTPYKTYpPbI UCIIOIb-
30BaHbl METO/Ibl CKAHUPYIOLIEH 3JIEKTPOHHOU MUKpockonuu (COM), Hu3KoTEMIIEpa-
TYpHOU a7IcCOpOIMH a30Ta U MaJIOYTJIOBOTO paccesius HeitpoHoB (MYPH).

B nocnennue rosipl BO3poc MHTEPEC K MPUMEHEHHUIO YTIIEPOIHbIX HAHOUCIIEPC-
HBIX MAaTE€pUaJIOB B CEJIbCKOM XO3SUCTBE ISl 0OpabOTKH CEMsIH paCTeHHH Mepes X
BBICEBOM U BEr€TUPYIOLIUX pacTeHuidl. B maHHOM noknane OyayT mpeacTaBlieHbl pe-
3yJbTaThl BIAUSHUS MPEANOCEBHON 00pabOTKM CeMsiH MEeKMHCKOM KamycThl copTa Jla-
IMHKOY BOJHOMW CyCTIeH3MeH Wi KpemHe3oJieM, coiepxkamumu Alll, oboramenHon
00poM, Ha pacTeHUS B HAYAIBHBIN TIEPUOJT UX pa3BuUTHs [3].

Obvexkmut uccneoosanusa. Alll, oGorameHHy0 O0pOM, MOJy4alld TOJPHIBOM
3apsa, UCIIONb3ys JBA Pa3HBIX MPEKypcopa: CMECh TPOTUJIA ¢ TEKCOTEHOM B COOT-

Homenun 50/50 wim terpuis. CoctaB nonyudenHo AlIl mns obGoux mpekypcopoB
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npencrasieH B Tabn. 1. Kak BugHO U3 JaHHBIX TaOdHIIbI, BEIOOp MpEKypcopa MOAPbI-

Ba CYHICCTBCHHO ITOBJIMAI Ha COCTAB aJIMa3HOM IIMXTHI.

Tab6n. 1. CoctaBel HaHonopoimkoB AllLl, momydeHHBIX U3 pa3HBIX MPEKypPCOPOB

MOApPbIBA.
[Ipexypcop | bopoconepxkamas | Konnentpauus B anmazHoi muxte™®, mace. %
MoJIpeIBa | J00aBKa K 3apsmy, JHA B Hecropaewmsie
Macc. % MIPUMECH
T/T" 50/50 6 14,7 0,96 3,5
Terpun 2,5 39,0 0,73 33,3

*/ octanbHOe 10 100 % — HeanMmasHble (HOPMBI yTIEpoIa.

Peszynvmameut u oocyxscoenue. Ha puc. 1 npusenensl COM n300pakeHHs 11
nByx BapuanToB Alll, o6oramennoi 6opom. [Toporiku anmMa3zHOM MIUXTHI COCTOSIT U3

Hec(epHUeCKnX, OJMM3KUX K TUIACTUHYATON QopMe, YaCTHII.

Puc. 1. COM-u300pakeHusi HAaHOIIOPOIIKOB aJIMa3HOW IIMXThI, 0OOTaIlIEHHON

00poM, MOTYYEHHOM MOAPHIBOM 3apsijia TPOTUJIA C TeKCOTeHOM (a) u TeTpuia (0).

BrinosHeHHBIE UCCHIEN0BAaHUS MO3BOJIUIN 3aKIOUUTh, YTO BIIEPBBIE C UCIIOJb-
30BaHUEM B3aUMOJOMNOJHAIOUIMX MeToA0oB COM, HU3KOTEMIIEpaTypHOH aacopOIuu
a30Ta 1 MaJOYIJI0BOT0 PACCEIHUSI HEUTPOHOB BBINIOJIHEH CPABHUTENIbHBIA aHAIU3 Op-

raHu3aluy HaJAMOJICKYJIIpHOU CTPYKTyphl mopoiikoB Alll, momupoBaHHOU OGOpoM,
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MOJTYYEHHBIX B3PHIBOM C HCIIOJI30BAaHUEM B KaUE€CTBE 3apsijia MOApPbIBa CMECH TPOTH-
na ¢ rekcoreHoMm (50/50) wm Tetpuna.

KomruiekcHbll aHaMM3 MOJTYYEHHBIX JAHHBIX IMOKa3aj, YTO HMCIOJIb30BaHUE B
KauyecTBE 3apsija MOJphIBa JBYX Pa3HBIX MPEKYpPCOPOB — CMECU TPOTHUJIA C FEeKCoTe-
HOM (50/50) mim TeTpuiia Mo3BOJISET MOIyYaTh ME3OMOPUCTHIC TOPOUTKU, COCTOSIIINE
U3 CIy4allHO OPHEHTHUPOBAHHBIX Hec(hepudyeckux (aHM30UAMETPHUYHBIX) HaHOYA-
CTHII TUTACTUHYATON (DOPMBI TPUMEPHO OJMHAKOBOU TOMIIUHEI (T = 25 A- IIPU HUC-
M0JIb30BAHUU TPOTHUJIA U TEKCOTeHa, U 28 A - i TeTpHUia), OTINYAIOLIUECs CyIIe-
CTBEHHO MEHbIIEH MUPUHOU IpH ucnoiab3oBanuu terpuna (W > 550 u = 136 A,
COOTBETCTBEHHO). Y CTAHOBJIEHO, YTO IIUXTA, NOJTYy4YEHHAs U3 CMECU TPOTHJIA C IE€K-
COT€HOM, OTJIMYAETCA OOJBIINM yaeIbHbIM 00beMoM 1op (1,14 BmecTo 0,8 cM/r) 1
B 1,5 pa3za 00sbIIel yaenpHOM MUIONIaAbi0 MOBEepXHOCTH (296 BMecto 184 MZ/F).
BrisiBiIeHO, YTO MJ11 TMOPOIIKA IIMXTHI, MOJYYEHHOW U3 TETpuUia, XapaKTEPHBI:
MEHbIIIAsl OJHOPOJHOCTh, AU(P(]Py3HAT MOBEPXHOCTh HAHOYACTHI U OMMOAAIBHOE
pacnpenenenueM nop o pasmepaM (d,, ~ 3 u 11 HM), — B OT/IMYKE OT MUXTHI, IO-
JY4EHHOU M3 CMECU TPOTHUJIA C TEKCOTEHOM, ISl KOTOPOM XapaKTepHO HOPMAaJbHOE
pacnpenenenue nop mo pasMepam (dg, ~ 9 HM) u Oonee TIagKasi HOBEPXHOCTh Ha-
HoyacTull. TakuMm oOpa3om, MOKa3aHO, YTO COCTaB 3apsAI0B MOJPHIBA OKa3bIBACT
CYIIIECTBEHHOE BIIUSIHUE Ha MOP(OJOTHIO, TEKCTYPY U ME30CTPYKTYpPY MOPOIIKOB
IIUXTHI E€TOHAIIMOHHOTO HAaHOAJIMa3a, IOMUPOBAHHONW OOpOM.

Hcnonws3oBanue BOAHBIX cycrnieH3ud, comepxkammx 0,05 — 0,1 macc. % Alll,
oboraiieHHONH O00pOM, MOJIOKUTENIBHO MOBIUSIO HA SHEPTUIO MPOPACTAHUS U BCXO-
KECTh pacTEHUI NMEKWHCKOM KamycTsl copta [anuukoy. D¢p¢GeKTUBHOCTh CTUMYJIH-
pytomiero aerctus no6aBok Alll, oGoraieHHoi 60pOM, MO ITUM MOKa3aTeIsIM 3Ha-
YUTEIBLHO BBIIIE, YEM MPU MCIOJIB30BAaHUHM BOJHOM cycrneH3uu (2,5 macc. %) JIHA.
Pa3mepsl poCTKOB M KOpHEW OKa3arCh MaKCUMAJIbHBIMU TIPH 00pabOTKe CeMSH 30-
JIeM KpeMHe3eMa Ha OCHOBE TrupoJin3oBaHHOro B mienouHoit cpeae TOOC (1 00. %,
PH 7 — 8) ¢ mo6aBkoii 0,1 macc. % AllI, oboramennoi 6opom. [TomoxuTenbHbIN -
(dbexT oT 3ToM 00pabOTKM Ha pa3BUTHE PACTCHUN HA PaHHUX CTAUAX Pa3BUTHS CO-

xpaHsuics B TeueHue 20 gHel OT Havalla uX KyJIbTUBUPOBAHUA.
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Qunancupoeanue. PaboTa BHIOTHEHA MTPU YaCTUYHOW (PHHAHCOBOW MOJACPK-
ke Poccuiickoro HayuHoro ¢onma (mpoekt Ne 19-13-00442) B yacTu UCCIICJOBaHHS

CTPYKTYpPBI U CBOMCTB aJIMa3HOM MIMXThI, 00OTalleHHON 00pOM.

Cnucok aureparypsl
1. Hombie aCnexTsl TEOPUM W TPAKTUKKA CUHTE3d, MCCIIEI0BaHUS CBOMCTB U
NPUMEHEHHUs NETOHAIMOHHBIX HanOaimMaszoB /B. 0. Jlonmaros, A. H. Ozepun, U.
W. KynakoBa, A. A. boueuka, H. M. Jlamayk, V. Myllymiki, A. Vehanen // Ycnexu

xumun. — 2020. — T. 89. — Ne 12. — C. 1428-1462.

2.  Mopdonorust u CTpyKTypa IIUXTHI JETOHAIIMOHHOTO HAHOAIMa3a, JOIMUPO-
Ba"HO#1 6opom / O. A. Illunoga, I'. I1. Konuna., T. B. Xamosa, FO. E. I'opiikosa, A.
E. bapanunkos, B. 0. Jlonmmaros // ®uszuka u xumus crekina. — 2022, — T. 48. — Ne 1.
C.1-11.

3. Nanodiamond batch enriched with boron: Properties and prospects for use
in agriculture /O. Shilova, V. Dolmatov, G. Panova, T. Khamova, A. Baranchikov,
Yu. Gorshkova, O. Udalova, A. Zhuravleva, G. Kopitsa // Biointerface Research in
Applied Chemistry, 2022, VVol. 12. Ne5 Pp. 6134-6147

BORON-RICH DIAMOND BLEND — NEW NANOSTRUCTURED
MATERIAL FOR AGRICULTURE

ABSTRACT

Using two different precursors for the detonation — a mixture of TNT with hex-
ogen or tetryl, a new carbon dispersed material was synthesized (a blend of detona-
tion nanodiamond enriched in boron). The structure of nanopowders was investigated
by SANS, low-temperature nitrogen adsorption, and SEM. The influence of the pre-
cursor on the nanopowders mesostructure is revealed. One of the types of powder has
been tested for pre-sowing treatment of Chinese cabbage seeds. The positive effect of
this treatment on the growth and development of plants was found.

Keywords: detonation nanodiamond; diamond blend; nanopowder; seed pre-

sowing treatment.

190


https://www.uspkhim.ru/php/author_rus.phtml?jrnid=rc&authorid=3832
https://www.uspkhim.ru/php/author_rus.phtml?jrnid=rc&authorid=9660
https://www.uspkhim.ru/php/author_rus.phtml?jrnid=rc&authorid=3074
https://www.uspkhim.ru/php/author_rus.phtml?jrnid=rc&authorid=3074
https://www.uspkhim.ru/php/author_rus.phtml?jrnid=rc&authorid=43999
https://www.uspkhim.ru/php/author_rus.phtml?jrnid=rc&authorid=44000
https://www.uspkhim.ru/php/author_rus.phtml?jrnid=rc&authorid=43997
https://www.uspkhim.ru/php/author_rus.phtml?jrnid=rc&authorid=44001

INPOTUBOOBPACTAIOHIUE DQITOKCUIHO-TUTAHTHBIE IIOKPBITHUA,
MOANP®UIINPOBAHHBIE TETOHALIMOHHBIM HAHOAJIMA3OM

I'nebosa Hpuna Eopucoena*
HAYYHbIU COMPYOHUK,

UXC PAH,

Poccus, e. Cankm-Ilemepbype
Bowuxoe Baoum Heanosuu
acnupaum,

UXC PAH,

Poccus, e. Cankm-Ilemepbype
Komaposea Kcenua Anexcanoposna
K.8.H., HAYYHbIL COMPYOHUK,
UIIDD PAH,

Poccus, 2. Mockesa

Jonmamoe Banepuii IOpvesuu
0.X.H., 3a8. 1abopamopueil,

CKTF «Texnonozy,

Poccus, 2. Cankm-Ilemepoype
Hlunoea Onvea Anexceeena*
0.X.H., npog., 21a8H. HAYYH. COMPYOHUK,
UXC PAH,

Poccus, 2. Cankm-Ilemepoype
*Aemop-koppecnonoenm (Yy4acmuux):
E-mail: iraglebova@mail.ru

Irina Glebova

Researche,

Institute of Silicate Chemistry of RAS,
St. Petersbur,g Russia

Vadim Boschikov

Graduate student,

Institute of Silicate Chemistry of RAS,
St. Petersbur,g Russia

Kseniya Komarova

Ph.D. in veterinary, Researcher,

IEE RAS,

Moscow, Russia

Valery Dolmatov

Dr. in Chemistry, Head of the Laboratory,
Special Design Bureau "Technolog”,
St. Petersbur,g Russia

Olga Shilova*

Prof., Dr. in Chemistry, Chief Researcher,
Institute of Silicate Chemistry of RAS,
St. Petersbur,g Russia
*Corresponding (participant) author:
E-mail: iraglebova@mail.ru

AHHOTAIIUA

Pa3zpaboTanbl miieHK0OOpa3youMe 30Jb-Trejib KOMIIO3UIIMA HA OCHOBE AIOKCH/I-

HOUW CMOJIBI M JIKOKCHIA TAUTAHA C DKOJOTHUYECKHA 0E€30MacHON OMOIMIHON JOOaBKOU

(meToHaIMOHHBIM HaHOAIMa30M). M3ydeHbl (HU3MKO-MEXaHMYECKUE CBOMCTBA IIO-

KPBITH, TIOJIy4YEHHBIX HAa MX OCHOBE. lIpencTaBieHbl pe3yabTaTsl HATYPHBIX HCIIBI-

TaHuii Mopckoro oOpactanusi B COBMECTHOM pPOCCHHCKO-BHETHAMCKOM HAy4HO-

MCCJIEIOBATEILCKOM U TEXHOJIOTHYECKOM TporuueckoM IieHTpe (Hsuanr). O6nHapy-

KEH TOJIOKUTENbHBINA A ekt nodasnenuss JJHA Ha uHrubupoBaHue mporecca Mop-

CKOT0 0OpacTaHusl.

KiroueBble ¢j10Ba: 301b-T€JIb TCXHOJIOTHA, JIIOKCUAHAA CMOJIa, aJIKOKCHUI TH-

TaHa; JETOHAIIMOHHBIN HaHOAJIMAa3; TPOTUBOOOPACTAIOIINE TOKPBITHS.



Cyna, xopabmu 1 Ipyrue IIaBCpPeACTBa, HAXOAIIUECS B MOPE, MTOABEPTalOTCS
KOPPO3MOHHOMY BO3JIEHCTBHUIO, a Takxke OuoobOpacranuto. Haubonee pacmpoctpa-
HEHHBIM ¥ HAJS)KHBIM METOJIOM 3aIUTHI OT KOPPO3UH B 00OpACTAHMS SBIISIOTCS JIAKO-
Kpaco4HbIe MOKPHITHS. /(151 ycuimenus mpoTuBooOpacTaTelbHOTO d(pdekTa B 3anuT-
HBIX MOKPBITUSX UCHOJIb3YIOTCS OMOIMAHBIE 100aBKH, MPEIOTBPAIAIONIUE OCEAaHNe
oOpacTaTenei, oIaBIAIONINEe UX POCT, PA3MHOKEHUE WM JIaKe BbI3bIBAIOIIME TH-
6esb. MOXHO OTMETHTh TEHJICHIIMIO 10 OTKA3y OT HCIOJIh30BAaHUS KECTKHX OMOIIH-
JIOB U TI0 TTIOMCKY OWOITMA0B HOBOTO TTOKOJICHHSI, MHTHOUPYIOIINX OCEIaHne WIN pa3-
BUTHE OMooOpacraTeneil, Ho He YOMBAIOMIMX MOpPCKHE OpraHu3Mbl. llenbio Haiiero
UcCieoBaHus ObUIO pa3paboTarh MPO3pPauHOE TOHKOCIOWHOE 3KOJIOTHYECKH 0e3-
OTAaCHOE MOKPBITHE IS 3alIUThI CTEKJIa OT MOPCKOTo oOpactanms. [y Takoro mo-
KPBITHS TTOAXOASAIINM METOJOM TOJTyYEHHUS SBISETCS 30JIb-Telb TEXHOJOTHA. B Ka-
YECTBE OCHOBHOTO TUIEHKOOOPA3yIOIIero areHTa Oblja BhIOpaHa SMOKCHUJIHAS CMOJA,
T.K. TIOKPBITHSI Ha €€ OCHOBE O00JIaJIal0T BBICOKOM aAre3meil, BIIaroCTOMKOCTBIO U
TBEPJOCTHIO.

Cwmoima EPONEX 1510 siBiissieTcst ruipupOBaHHBIM aHAJIOTOM POCCHMCKOM 3IIOK-
cupaor cmoiel DJ[-20. Hamm uccnenopanus noka3amm, uro EPONEX 1510 He BEI-
3bIBAET MAKPOPACCIOCHUI B MOJy4aeMbIX 30Jb-T€lIb THOPUAHBIX MOKPBHITHIX, B OT-
audre oT Hanbosee yacTo ucronbzyemont 3/1-20. EPONEX 1510 obnamaet xoporeit
XUMHUYECKON CTOMKOCTHIO U CTOMKOCTBIO K Y®. BTOpHIM MIeHKOOOpa3yIOMUM Tpe-
kypcopowm siBisiicst Terpadytokcututat (THT). CooTHomenue mieHkooOpa3zoBaTeeit
B 30Jie cocTtaBisuio TBT/EPONEX 1510 = 21/21 macc. %. B kauectBe pacTtBopuTe-
JICH MCIOJB30BAIKMCH AllCTHIAIICTOH M 3THJIICIIO30J16B, oTBepauTeinb — BF; (15 %
pacTBOp B AMATHIICHIIIHKOIE). [10100HBIE TOKPHITUS MOXKHO TOJIy4aTh KaK XOJOJI-
HBIM, TaK ¥ TOPSYMM OTBEPKICHUEM, KaK C MPEABAPUTEILHBIM BaKyyMUPOBAHHUEM,
TaK 1 0e3 Hero.

Hamu mccnenoBanus moka3ajiv, 9TO TOBBINICHHAS TEMIIEpaTypa U BaKyyMHPO-
BaHME YCKOPSIOT MpoIlecC reaeo0pa3oBanusi, ClIOCOOCTBYSI (POPMUPOBAHUIO HAHOYA-
cruit TiO, B CTPYKType SMOKCUTUTAHATHOIO HAHOKOMIIO3HMTa. B KayacTBe «MSTKOro»
OuWonuaa B SMTOKCUIHO-THTAHATHBIC 30JIM BBOAMIMCH HAHOYACTHIIBI JIETOHAITMOHHOTO

HanoanMaza (JIHA), B konmuectBe 5 u 10 macc. %. Panee [IHA ucnons3oBayics HaMu
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B KauecTBe OMOLMIHOW N0OaBKH B (DYHTHIUIHBIX MOKPBITHSIX, HO B 3HAUUTEIHHO
MeHbIIUX KOoHIeHTpauusX. [Ipu yBenuuenun xonneHTpauuu JJHA BakHo ObLIO CO-
XPaHUTh OJHOPOJHOCTh CTPYKTYPBI U IPO3PAavyHOCTh MOKPHITH. BN HcciienoBaHbl
ATIOKCUIHO-TUTAHATHBIC MOKPHITUS, Kak MoauduuupoBannsie JJHA, Tak u Hemoau-
¢unupoBanubsie. B mporecce reneodOpa3oBaHUs MEHSUIUCH CIEIYIOUIUE YCIOBUS:
koHuentparus JJHA (5 u 10 macc. %), TeMnepaTypHbIii peXUM, HAIUYUE U OTCYT-
CTBHE NPEABAPUTEIIBHOTO BAKyyMUPOBAHHUS 30JI1 IIPU KOMHATHOU U Temmeparype 80
°C.

boimn uccnenoBanbl creayronpe pU3NKO-MEXaHUYECKUE CBOWCTBA MOKPBITHI:
YIroJd CMayuBaHMs, TBEPAOCTh U aAre3us. YIroJl CMauuBaHUsl XapaKTEpU3yeT THUAPO-
(ho6HOCTh. B OonbIMHCTBE ciiydaeB OoJiee THApodOOHas TOBEPXHOCTh MEHEe Tpe/I-
MOYTUTENbHA JUIs oOpactareneil. Beicokue anre3uss U TBEpAOCTh — HEOOXOAUMBIE
CBOMCTBA JIJIsl CYIOBBIX M MOPCKUX MOKPBITUN. DBOJIIOLMS CTPYKTYPhl HAHOKOMIIO3H-
TOB HCCIIEOBAIMCh METOJOM MaJOyIJIOBOTO PEHTTEHOBCKOTO paccesHus (SAXS).
bbun npoBeieHbl HATYpHBIE UCTIBITAHUS HAa CTETIEHb U CKOPOCTh 0OpacTaHUsI MOKPbI-
TUA MUKpoopranmsmMamu Bo BberHame Ha 06a3ze CoBmectHoro Poccuiicko-
BbeTHaMCKOrO Hay4yHO-MCCIEIOBATEIBCKOIO M TEXHOJOIMYECKOr0 TPOMHYECKOTO
ueHtpa (B npubpexxnoi 3oue KOxxno-Kuraiickom mMops (. Hesiuanr). Yron cmaunBa-
HUS U TBEPAOCTH SMOKCUIHO-TUTAHATHBIX TOKPBITUNA C Pa3HBIMU YCIOBUSMH HaHECe-
HUA 1 GOPMUPOBAHMS IOKPHITUH TIPE/ICTaBIIeHbI B Tabiuiax (tabdmn. 1 u 2).

IIpn yBenmnuennn xoHueHtpaunu JJHA B 3MOKCUIHO-TUTAHATHBIX MOKPBITHUAX
HaOmogaeTcs yBeianuenue ruapopoodHoctu. Hanmpumep, mpu KOMHaTHOM TeMIiepary-
pe u 0e3 BakyyMa (HOpMaJIbHbIE YCIOBHSI) U HAHECEHUH adporpadoM npu U3MEHEHUU
kounentpauu JJHA ot 0 mo 5 macc. % ruapodoOHoCcTs yBenmunBaetcs B 1,6 pas, a
[P HAHECEHUHU HAJIIMBOM IpU U3MeHeHuH KoHueHTpauu JHA ot 5 % mo 10 % run-
podobOHOCTs yBenmuuuBaetcs B 1,4 paza. Harpes nmpu temmnepatype 80 °C moutu npu
BCEX YCJIOBHSIX MaJIO BIMAET Ha TUAPOPOOHOCTh MOKPHITHS. [IOKpBITHS, HAHECEHHBIE
HaJMBOM, Oosiee rupodOOHBI, YeM MOKPBITHUS, HaHECEHHBIe a3porpadom. [Tockonbky
CTeNeHb THIPO(HOOHOCTH MOBEPXHOCTH CBSI3aHA C €€ CTPYKTYPOM, TO MOXKHO 3aKITI0-
4uTh, 4TO JIHA OKa3bIBAET CTPYKTYpPUPYIOLIEE AEUCTBUE HA COCTOSIHUE IIOBEPXHOCTH

noKpeITUid. [Ipy OTCYTCTBUM NMpeaBapUTENHHOTO BAaKyyMHUPOBAHMS 30JIs1 C 100ABKOM

193



JIHA, TBEpAOCTB MOKPBITUNA YMEHBIIAETCS IO MEPE MOBBILIECHUS KOHLIEHTPALMH OT 5
1o 10 macc. %, a mpu BakyyMHUpOBaHHUHU 307151 — HA000poT. Crioco® HaHECEHUs U TeEM-
neparypa He BIUSAIOT Ha TBEPAOCTh. ANre3us sl BCEX MOKPBHITUN cocTaBiseT 1 6amn

o 'OCTy 15140, uto siBisieTCss MAKCUMAJIbHOW BEJIMUUHON 110 JAHHOMY KPUTEPHIO.

Tabn. 1. PU3NKO-MEXaHUYCCKHE XapaKTCPHUCTHUKHU IITIOKCHUIHO-TUTAHATHBIX I10-

KpBITI/Iﬁ B 3aBUCHMMOCTH OT PCIKUMOB ITIOAT'OTOBKHU 30JIb-T'CJIb KOMHOSI/II_[I/Iﬁ

Cnoco0 YcaoBus hopMmupoBaHus | YTOJ CMayMBaHUA, TBepaoCTh,
HaHECCHMSI rpa. OTH.e]I

5 10 5 10

Ha Bo3myxe H.V. 60 64 0,9 0,8

Harpes 60 67 0,9 0,8

Asporpad Bakyym H.V. 52 55 0,8 0,9

Harpes 53 54 0,8 0,9

Ha Bo3nyxe H.V. 73 12 0,9 0,8

Harpes 76 78 0,9 0,8

Hanusom Bakyym H.V. 56 80 0,8 0,9

Harpes 51 79 0,8 0,9

* HY. — nopmanvuvie ycnosus, yeon cmMadusaHus 3NOKCUOHO-MUMAHAMHO20

noxpwvimust oe3 JIHA cocmasnsem 39 .

ITo nanubiM SAXS BBesieHUE B SMIOKCUAHO-TUTaHaTHBIE 300U JJHA (c Bakyymu-
poBaHuEM U 6€3 HEro) MPUBOJUIIO K YBEIUYEHUIO (paKTaTILHON pa3MEpPHOCTH U pa3-
MEpOB 00pa30BaHHBIX U3 HUX MACCOBO-(PaKTaIbHBIX KIACTEPOB, T.€. K YINIOTHEHUIO
U YNPOYHEHUIO (PopMHUpyeMON CTPYKTYpbl HAHOKOMIIO3UTOB. DTO TOATBEPKAACT
Hallle 3aKJroueHue o ToMm, uto JJHA sBisieTcsa CTpyKTYpUpPYIOIIMM ar€éHTOM — OH B
30JIb-T€JIb CUHTE3€ UTPAET POJIb TEMILIATA.

B maGopatopHbix ycinoBusSX 00pasiibl ¢ TOKPHITUIMU 2 MECSIIA BBIICPKUBATUCH
B MCKYCCTBEHHOM MOPCKOW Y MPECHOW BOJAE, U HUKAKUX BHEUIHUX M3MEHECHUU HE

OBLIO OOHAPYKEHO.
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HatypHble ncnblTaHus TPOBOAWINCH B TeueHHe 78 aHeil. OOpa3ubl mogHUMa-
JIUCh U3 MOPCKOM BOJIBI M UCCeoOBaIMCh Ha 14-1, 36-i1, 46-i1, 59-i1 u 78-i qHU 110-
CJie TIOCTAaHOBKHU B MOPCKYIO BOAY. [IOCKONBKY 7Sl UCTIBITAHUN OBUIM MCTIOJIb30BaHBI
MOKPBITHUS, COJIEpKaIe MATKANA OMOIM]T B HEOOBIINX KOJUYECTBAX, TO 3a 78 qHE
UCIIBITaHUM 00pa3ibl 00pociau 6osiee ueMm Ha 50 % moBepXHOCTH. 3a ATOT MEPUOI,
ObLITM 0OHAPY>KEHBI CIIEYIOIINE MOPCKUE 00pacTaTeNu: YCTPUIlbl, OalsiHyChl, MIIIaH-
KH, cepryauasl. Cryctst npuMepHo 14 el nmpeObIBaHMs B BOAE MOSBISIACH OaKTe-
puanbHas IJIEHKA, KOTOpas CIy>KUT OCHOBOM ISl MPUKPEIUIEHUST MOPCKUX oOpacTa-
Tenel. B To ke Bpems OHa SIBISIETCS MOKA3aTelIeM TOr0, YTO MOKPBITUE HE SIBISETCA
Tokcu4HbIM. Criyctst 33 AHS mocie MorpykeHusi oopacTaHusi He ObUIO BBISIBICHO.
OOpacrarenu Hayanu NOABIATHCS Nociie 45 nHel npeObIBaHUsI B MOPCKOW BOJIE, HO B
HeOobIoM kosmuectBe. [locie 59 nHewt Habmoaanoch yBeInueHue MakpooOpacTa-
HUS B PA3HOM CTENEHH pa3HbIMU BUaamu oOpactateneit. [locne 78 nHeit oOpacTanue
JNOCTUTJI0 HEMHOTUM BbilIe 50 % Bcell MOBEPXHOCTU. DTOT NPOLIEHT SABJISIETCS] CUTHA-
JIOM JJI MPEKpaIleHUs JajbHelero uccaeaoBanus. JJiss CHOIb30BaHUS «MSATKUX
OMOIMAOBY» CpPOK 78 JMHEU SIBISIETCSl IOCTATOYHO XOpOIIUM pe3yibraTtoMm. Hccneno-

BaHM:A B 9TOM HAIIPpABJICHHUHA IIPOAOJIZKAOTCA.

ANTIFOULING EPOXY-TITANT COATINGS MODIFIED WITH
DETONATION NANODIAMOND

ABSTRACT

Film-forming sol-gel compositions based on epoxy resin and titanium alkoxide
with an ecologically safe biocidal additive (detonation nanodiamond) have been de-
veloped. The physical and mechanical properties of coatings obtained on their basis
have been studied. The results of field tests for marine fouling in the Joint Russian-
Vietnam Scientific Research and Technological Tropical Center (Nha Trang) are pre-
sented. A positive effect of DND addition on the inhibition of the marine fouling pro-
cess was found.

Keywords: sol-gel processing; epoxy resin; titanium alkoxide; detonation

nanodiamond; antifouling coatings.
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AHHOTAIUA

B pabGote mpencraBieHbl pe3yiabTaThl TCOPETHUCCKUX WCCICAOBAHUN BIIMSHUS
MIPUMECHBIX aTOMOB 00pa, BHIMIOJIHEHHBIX C UCIIOJIb30BAHUEM COBPEMEHHBIX KBAHTOBO-
XUMHYECKHX HEIMITMPUYCCKUX M TOMYIMITUPUIECKUX pacdeTHbIX MeToqoB — DFT u
MNDO. HUccnenoBano MoBEpXHOCTHOE MOJIU(PHUITMPOBAHUE YTIICPOIHBIX HAHOTPYOOK,
COJIEpIKaluX MPUMECHBIE aTOMbI 00pa, KapOOKCHILHON (YHKIIMOHAIBLHOW TPYIIION
KaK CITOCOO CO37aHus BBICOKO3(P(EKTUBHBIX CEHCOPHBIX 30HIOB. [IpoBeseHO mccie-
JIOBaHHUE DJIEKTPOHHOTO M SHEPTETUYECKOTO CTPOSHUSI MOAU(PUIIMPOBAHHBIX HAHOTPY-
OOK, BBITIOJTHEHA OIEHKA 3apsA0BOTO COCTOSHUS | ITOABMYKHOCTH HOCUTEIICH B HUX.

KuroueBrble ciioBa: 60poyriepo/iHas HAHOTPYOKa; CEHCOPBI; PYHKIIMOHAIIbHbBIE

rpynnsl; DFT; MNDO; kBaHTOBO-XHUMHYECKHUE PACUYETHI.

st ynpaBnenus GU3HKO-XUMUUECKUMHU cBoricTBamMu YHT wacTo mcmosib3yroT

BHCAPCHUC IIPUMCCHBIX aTOMOB, OJHHUM M3 KOTOPBIX ABJISACTCA 60p Takue YIiepoa-
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HbI€ HAHOTPYOKM C MPUMECHBIMH aTOMaMH OOpa MOXHO Ha3bIBaTh OOPOYTIIEPOJIHbI-
MU HaHOTpyOKamu [1]. OTu cucteMbl MOTYT OBITH 3((HEKTUBHBIMU JJISI HCTIOIH30BA-
HUS B PsiJie HAHORJIEKTPOHHBIX pHOopoB. OCHOBHOE IOCTOMHCTBO TAaKOT'O IPUMEHE-
HUsA OOpOYTJIEPOIHBIX HAHOTPYOOK — BO3MOKHOCTB YIPABIATH 3JIEKTPOHHBIMHU CO-
CTOSIHUSIMU B BAJICHTHOM 30HE U 30HE MPOBOJUMOCTH, YTO IO3BOJISIET TOBOPUTH 00
3¢ (HEKTUBHOM YIPaBIECHUU MPOBOASIINMU U CEHCOPHBIMHU CBOMCTBAMM HCCIIEAYEMO-
ro Marepuana. V3BecTHO, YTO yriepojHble HAHOTPYOKH, 00Jamasl YHUKaIbHBIMU
COpPOLIMOHHBIMU CBOMCTBaMU [2 — 4], MOT'YT OBITh UCIIOJIb30BaHbl B KAYECTBE JIEMEH-
TOB CEHCOPHBIX YCTPOUCTB. [103TOMY BO3MOXKHO MPEANOIOKUTh, YTO OOPOYrIepOI-
Hbl€ HAHOTYOYJISIPHBIE CUCTEMBI TAK)KE€ MOTYT OBITh HCIIOJIb30BaHbl B KAUECTBE CEH-
COpPHBIX 1aT4yuKOB. OJIHAKO 10 HACTOSILETO0 BPEMEHU HE IIPEACTABIICHBI UCCIIEN0BA-
HUS, CBSI3aHHBIE C U3YYEHUEM U CUCTEMAaTU3alMel 3HaHUW O BIUSHUN KOHILICHTP alluU
(xonmMyecTBa) MPUMECHBIX aTOMOB OOpa Ha 3JEKTPOHHOE CTPOEHUE U CEHCOPHBIE
CBOMCTBA YIUVIEPOJHBIX HaHOTPYOOK. BrIsiBlieHHE 3aKOHOMEpPHOCTE M3MeHeHus (Pu-
3UKO-XMMHUYECKHX XapaKTEPUCTUK YTIEPOIHBIX HAHOTPYOOK IMPHU 3aMEIICHUH B HUX
4acTU aTOMOB YIJIepoJila aToMaMM Oopa MO3BOJIMT YCTAHOBUThH MPHUHIIMIIBI yIIpaBie-
HUS CEHCOPHBIMHM CBOMCTBAMHM JAHHOTO KJacCa HaHOCTPYKTYp. B 3TOM U mposiBisieT-
Csl BOKHOCTh M aKTyaJIbHOCTh IaHHOM pabOoTHl.

HccnenoBana BO3MOKHOCTh TTOBEPXHOCTHOTO MOAU(PUIIMPOBAHUS KAPOOKCHUIIb-
HOU rpymmnoi 6opoyriepoaHoit HaHOTpyOku BCj;. B kauecTtBe HamboJiee BEPOSITHBIX
aZICOPOIIMOHHBIX IIEHTPOB YIJIepoaHON Oopocoaepxkamieit Hanotpyoku ¢ COOH-
rpynmnoil 0puIM BeIOpaHbl aTOMBI ToBepxHOCTH BC3 HaHOTPYOOK: aTOM yriepoaa Juis
nepBoro Bapuanta (I) u atom Oopa nmns Broporo Bapuanta (II). IIpu npoBenenun
pacuetoB jumHa kiactepa HT BeiOupanack Takoi, 4ToObl M30€kKaTh BIMSHUS Ha
nporiecc kpaeBbix 3 dexToB. [ KoMIeHcaluu 0OOpBAaHHBIX CBSI3€M Ha T'paHUIIE
KJ1acTepa ObUIM UCIIOJIb30BAHBI IICEBI0ATOMBI ¢ HEOOXOIUMON BaJICHTHOCTHIO.

boutn nccnenoBanbsl Mmexanusmel npucoeanHenus COOH-rpynnbl K MOBEPXHO-
ctu BC3; HanoTpyOku. Moniens Takoi cucteMbl ipuBeeHa Ha pucyHke 1. [lpucoenu-

HEHHE KapOOKCHIIBHOW rpymibl K moBepxHocTr BC3; HaHOTPYOKHM C sHEpruei mpouc-
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XOmuT Ha pacctosHuu 1,8 A, 4To cooTBeTcTBYeT 00pa3oBaHHI0 XMMUUYECKOH CBA3M,

IIPY DHEPTHUM B3auMOAEHCTBHA 2,73 3B.

Puc.1. Monens BC;z HanotpyOku (6, 0) ¢ pacmnosioxkeHueM MoauDUIMpYIOIei

KapOOKCUJIbHOM IPYIIION HAa OBEPXHOCTHU TyOyJieHa

Jlanee ObUIO M3YYEHO BIIMSIHME Ha CEHCOPHBIE CBOMCTBA KapOOKCUIMPOBAHHBIX
OOpOYTIEePOAHBIX HAHOTPYOOK C COAEpKaHUEM MPUMECHBIX aToMOB Oopa 25 % (BC;
HAaHOTPYOKa) MpH UX B3aUMOJIEHCTBUM C aTOMaMH INEJIOYHBIX MeTayioB. OcTaHo-
BHUMCS NMOJAPOOHEE Ha ONMUCAHUU MEXaHU3Ma W3YUYEHUS CEHCOPHOTO B3aMMOICHCTBHUS
MeXy Takou cuctemoi u aromamu metamia (Li, Na, K). Brauane omnpenensiioch
PacCTOSTHUE B3aMMOJECUCTBUS MEXKIAY CEHCOPHOW HAHOCUCTEMOW M METAJUIOM ITyTEM
MOIIArOBOr0 MPUOIMKEHUS €ro K atoMy (GyHKIMOHaNIbHOUW rpymmbl. [locie 3Toro
MO/JICJIMPOBAJICS MPOLIECC CKAHUPOBAHUSA MPOU3BOJIBHON MOBEPXHOCTH, COAECPKAIUN
HccIleyeMblil aeMeHT. {1 MoaenupoBaHus Mpouecca CKaHUPOBAHUS ITPOUCXOIUAIIO
MepeMEIlIeHNEe aToMa MeTaula B IUIOCKOCTH, MapajuieNIbHOW TpaHWIle HAaHOTPYOKH,
BJIOJIb NPSIMOM, NEPIIEHAUKYJISIpHON npoaosibHOM ocu HT mo HampasiieHuro Kk MecTy
MPUCOEAUHEHUS] KapOOKCUJIBHOM TPYIIbl HA YCTAHOBJICHHOM PACCTOSHUM B3aUMO-
nevictBus. bpUIo MpoOBeEHO J1Ba HAIpaBJICHHS TEpeMEIIeHUs atoMa: 1) oT aToma
KHCJIOpOoAa K aToMy BOJOpOJa; 2) aTOM JIBUTAJICS MO HANPABJICHUIO OT aTOMa BOJIO-
poja K aToMy KHCJIOpOoja KapOOKCHIbHOM Tpyniibl. @UKCHpOBaCs (PaKkT CEHCOPHOTO
B3aMMO/ICHCTBUS 32 CUET U3MEHEHHS SHEPTUU CUCTEMBI U aHAJIU3UPOBAIIOCH U3MEHE-
HUE DJICKTPOHHO-PHEPreTUYECKUX XAPAKTEPUCTUK ISl ONPENEICHUS] BO3MOXKHBIX
MIPUHILIUIIOB PabOThl CEHCOPHOTO HAaHOAATYMKA HA OCHOBE M3YYaeMbIX HAHOCHCTEM.

Pe3ynbpTaThl TaKOTO CKAaHUPOBAHUS TIPEICTABICHbI B Tabuie 1.
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Tab6n. 1. TlapameTpsl ckaHUpOBaHUS MO IByM onucaHHbIM myTsm O-H u H-O
BOOOpa)kaeMOil TOBEPXHOCTH, HA KOTOPOM HaXOASTCS aTOMbI METaljia, TOTYy4YEHHOTO

xoMmiuiekca «BC; + COOH)y.

AToM MeTainIa Fopss A E.., 5B
C BCs C BCs
nyts 1-H-O
Na 2,4 3,6 1,61 3,99
K 3,5 4,5 1,69 4,79
Li 2,8 2,3 1,95 4,05
nyts 1-O-H
Na 2,3 3,2 3,22 4,99
K 3,2 4,1 3,45 5,10
Li 1,9 2,0 1,99 4,37

AHanmu3 MONMYYEHHBIX PE3yJbTaTOB IMOKa3al, 4TO MpH B3amMmojeicTeuu ¢ BCj
HaHOTPYOKOM PHEPTUs B3aUMOJCHCTBUS OKAa3bIBACTCS BBIIIE MO0 CPABHEHUIO C YUCTOU
YTIEPOHOM, YTO COOTBETCTBYET 00Opa3oBaHUI0 Oosee cTaduiapHOTO KoMmiuiekca. Ho,
Hapsy ¢ 3TUM, OblUIa OOHapyKeHa CYIIECTBEHHAss OCOOCHHOCTh B JIETEKTUPOBAHUU
aTOMOB METAJIJIOB: MIPHU JOOABIICHUN 3aMEMIAI0IINX aTOMOB OOpa yBEIMYMBAECTCS pac-
CTOSIHME B3aMMOJICUCTBHS MEXAY KapOOKCHJIbHOM TIpynmoil U aToMaMu METaJUIOB,
YTO O3HAYaeT OOJBIIYI0 YYBCTBUTEIBHOCTh MOJICTUPYEMBIX HAHOCEHCOPOB Ha OCHO-
BE M3y4aeMOro BUJIa HAHOTPYOOK U jaenaeT ux 0osiee 3pHEKTUBHBIM MaTEPUATIOM 10
CPaBHEHMIO C YUCTHIMU YTJICPOAHBIMHU.

*Uccneoosanue evinoineno npu ourancosoil noodepoicke epauma Ilpesudenma
P® Ne MK-1758.2020.8.
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INVESTIGATION OF INFLUENCE OF IMPURITY BORON ATOMS
ON SENSORY PROPERTIES OF CARBON NANOTUBES MODIFIED
WITH CARBOXYL GROUP

ABSTRACT

The article presents the results of theoretical studies of the influence of impurity
boron atoms made using modern quantum-chemical non-empirical and semi-
empirical calculation methods - DFT and MNDO. Surface modification of carbon
nanotubes containing impurity boron atoms by carboxyl functional group as a method
of creating highly effective sensory probes has been investigated. The electronic and
energy structure of the modified nanotubes was studied, the charge state and mobility
of the carriers in them were evaluated.

Keywords: boron-carbon nanotube; sensors; functional groups; DFT; MNDO;

guantum-chemical calculations.
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AHHOTAIUA

B cratee paccmarpuBaroTcs mpoOiieMbl MOMCKAa HOBBIX BBICOKOA(D()EKTUBHBIX
METOJIOB JMCTeprupoBanusi rpadenocoaepx ammx cycrnensuil. IlpencraBiensr pe-
3yJbTaThl 3KCIEPUMEHTOB IO AMCIEPTUPOBAHUIO TpadeHOCOMSPKAIMMUX CYCIICH3HM
METOJIOM YJIbTPa3BYKOBOM W yJIbTpacTpyiHOW 00paboTku. [lokazaHo, 4yTo meTon
YIBTPACTPYWHOTO TUCTIEPTUPOBAHUS MOXKET OBITH NMPUMEHEH MJIs JcarjoMepainu
MUKpPOYACTHI] U PEIICHUS 3a/ad 00ecCredeHUs] HEOOXOIUMOM TUCIIEPCHOCTH B CYC-
neH3usax. [lpeaokeHpl W B HACTOAIIEE BPEMS PEATU3YIOTCS KOHCTPYKTOPCKO-
TEXHOJIOTHUECKHUE PEIICHUs IS PelIeHus 3a1a4 3(PQGEeKTUBHOTO JUCIICPTUPOBAHUS
HAHOCOJIEPKAIUX CYCIIeH3UH, B TOM uncie Ha ocHoBe YHT u 6emura.

KuroueBble cj10Ba: yibpTpa3BykoBas o0OpaboTka; AucneprupoBaHue rpadeHoco-
JIepIKaIuX CYCIICH3MI; HAaHOCOJEpKaIllie CYCIICH3UU; YIbTpacTpyiHas o0paboTKa;

MHIICHD.
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[Ipumenenue ynbTpa3ByKoBOil 00pabOTKM HaHOCOAEPIKAIIMX CYyCIIEH3UH, PEexK-
1€ Bcero, o0ecreynBaeT pa3pylieHrue arjioMepaToB 4yacTull. Takue HaHOMaTepHuabl,
KaK OKHCJIbl METaJUIOB, HAHOTJWHBI WU YIJIEPOAHbIE HAHOTPYOKH HMMEIOT TEHICH-
IIUIO K arjloMepaliy MpH MomnajaHuu B XKUAKO(pa3HbIE PacTBOPHI, T.€. MOCJIE CMavH-
BaHud mnopoika. Ob6paboTka yJIbTpa3ByKOM MPUBOJUT K YMEHBIICHHUIO pa3Mepa Ya-
CTHUI ¥ YBEIIMYEHHUIO OJJHOPOJIHOCTH UX pa3MepoB. TeM He MEHee, y METO/Ia UMEETCS
P HEIOCTAaTKOB, 3TO, NPEXKIE BCETO, MOBBIINICHHE TEMIIEPATyphbl JKUIKOCTU IpPH
yIIbTPa3BYKOBOW 00pabOTKe, KOTOpasi HETaTUBHO BIMSET Ha psiji 00pabaThIBaeMbIX
MaTepHUaloB, CKIOHHBIX K MOJIUMEPHU3ALUU. ITO OTPAHUYUBAET BO3MOKHOCTH METO/IA
U aKTyaJIM3upyeT BONPOCHI CO3/IaHUsI HOBBIX, OoJiee 3(PPeKTHUBHBIX, 0OpadaThIBatO-
LIAX TEXHOJIOTUH.

CycneH3un Ha OCHOBE JUCTUIUIMPOBAHHOM BOABI ¢ TpadeHoM Obun 0OpaboTa-
HBI C MOMOIIBIO YIIbTpa3BykoBoro aucnepraropa JIY3/1-1,5/21-3,0 ¢ KOMIIBIOTEPHBIM
MoHuTOpuHrom npoussojacrea OO0 «Kpunamun», Mocksa. Ilocne mpouenyps! yib-
TPa3BYKOBOW 00OpabOTKH HAaHOCOJEpKAIHE CYCIEH3UN ObUIM U3Y4E€HBI C MOMOIIbIO
Ja3epHOTO aHaiu3aTopa pasmepoB yacTull Microtrac Bluewave (Microtrac S3500),
paboTaroiiero mo TexHosjoruu Tpex jazepon (Tri-laser). B xoxe uccnenoBanuii 0pu1n
M3YyYEHbl BO3MOXHOCTU METOZa yJIbTpacTpyiHON o0paboTku cycnensuil. Mccneno-
BaHMs 0a3WPOBAINCH HA METOJIUWYECKON Oaze, KoTtopas chopMHpOBaHA B paMKax
Hay4YHOU MIKOJIBbI «YJIBTPACTpYHHONU 00paOOTKH U JUATHOCTUKH MATEPHUATIOB U KU JI-
kocrei» (HIII-3778.2018.8) na xadpenpe CM-12 MI'TY um. H.D. baymana.

Ha cnenyromem 3Tane uccienoBaHUs BBINOJIHEH SKCHEPTHBIN aHAIU3 METOOB
W3TOTOBJIEHUS CyCIIeH3U, OCHOBaHHBIX Ha YCT, KOTOpPBIM MoKa3aj, 4TO MEpCIEK-
TUBHBIMH CPEIM HUX SBJSIOTCS MHHOBAIIMOHHAs cxema «(pes3a», ocHOBaHHas Ha
TEXHOJIOTUU YIbTpacTpyiHoi 00paboTku. KoHCcTpynpoBaHue TaHHOW YCTaHOBKHU JIJIsI
YABTPACTPYUHOTO JHUCHEPTUPOBAHMS HAHOCYCIIEH3MM MOXHO pa3feiuTh Ha TpHU
yacTU. B mepBoil 4acTH NPOEKTUPYETCS HACOCHAs CTAHLMS BBICOKOTO JIABJICHHS.
Bropass yacth COOEpPXUT KOHCTPYHMPOBAHME JUCIEPTHPYIOUIETO0 MOAYJSA. 311eCh
HEoO0X0aUMO pa3padoTaTh W pacCYUTaThb Ha MPOYHOCTH BPAILAOLIYIOCS MHIIEHb —

«pe3y-MUILIeHbY» U BaJl, KOTOPBIM MPUBOJMUT €€ B JBMKEHHE. Takke HEOoOXOAUMO
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CIPOEKTUPOBAaTh KaMepy g (pe3bl U OCHOBAaHHE, Ha KOTOPOM PpAaCIOJIOKUTCS
JAUCTIEPTUPYIOMINNA MOYJIb, U TTIOCPEACTBOM KOTOPOTO MOCIETHUI OYJET YyCTaHOBJICH
Ha paMe HACOCHOM cTaHIMU. B TpeThell yacTu paccMOTpeHa cOOpKa YCTaHOBKH JJis
JUCIEPTUPOBAHUS U €€ MOJKIIOUEHUE K TUAPO-, THEBMO- U 3JIEKTPOCHCTEME.

Tem He MeHee, yxe Mocie TPOOHBIX SKCIEPUMEHTOB Ha HEMOIBH>KHOW MUILICHH
MOJIYYCHHBIC PEe3yJIbTaThl JMCIEPTUPOBAHMS TIpadeHa MOKa3bIBAIOT CXOXKECTh pe-
3yJIbTAaTOB YJIBTPA3BYKOBOW M yIBTPACTPYHHON 00paOOTKU, UTO TOBOPHUT O MEPCIIEK-
THBaX Pa3BUTUS NPENJIAraeMoOro METOHa. JKCIEPUMEHTHl TAKXKE IPOBEICHBI IS
YHT u Oemwura, rae 3pQPekTUBHOCTb METOJa IOKa3aua eme 0oJjiee BBICOKHE
pesynbTathl. Tak, miss YHT pasMep dacTull mpakTUYECKHA HA MOPSAOK MEHBIIE, YEM
nocjie  yJIbTPa3BKOBOM 0OpabOTKM Mpu TOM, UTO TeMIeparypa B Ipolecce
nucreprupoBanus He npessimana 50 °C.

B mnacrosmee Bpems Ha kadeaepe CM-12 MI'TY wum. H.D. baymana
3XaKaHYMBAETCsl MOHTaX YCTAaHOBKH, BBIIIOJHEHHBIM MO cxeme «dpe3a» U OydayT
HayaThl SKCIIEPUMEHTHI M0 OLICHKE €€ 3(PPEeKTUBHOCTH. B ciyyae mosioKUTENIbHbBIX
pe3yJIbTaTOB 3aIlVIAaHWPOBAHO U3rOTOBJIEHUE POOHON MapTUU TAKMX YCTaHOBOK.

*Uccneoosanus ebinonusaiuce 6 pamkax epanma llpesudoenma Poccuiickoi @e-

oepayuu 051 20CYOAPCMBEHHOU NOO0epICcKU 8edyuux Hayunvlx wxon (HIII-

3778.2018.8) u epanma PODU 18-29-18081.
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DISPERSION OF GRAPHENE-BASED SUSPENSIONS
BY ULTRAJET TREATMENT

ABSTRACT

The article discusses the problems of finding new highly efficient methods for
dispersing graphene-containing suspensions. The results of experiments on the dis-
persion of graphene-containing suspensions by the method of ultrasonic and ultra-jet
treatment are presented. It is shown that the method of ultrajet dispersion can be used
for deagglomeration of microparticles and solving problems of ensuring the required
dispersion in suspensions. Design and technological solutions have been proposed
and are currently being implemented to solve the problems of efficient dispersion of
nano-containing suspensions, including those based on CNTs and boehmite.

Keywords: ultrasonic treatment; dispersing graphene-containing suspensions;

nano-containing suspensions; ultra-jet processing; target.
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AHHOTANMUSA

B xonme paboThl ObUIM HM3TOTOBIICHBI 00pa3lbl KOMIIO3UTa Ha OCHOBE SITOKCH/I-
HOI1 cMoutbl 1 HaHorpadena (Taynut-I'M ucxoaHbIN, HOTUPOBAHHBIA U PTOPUPOBAH-
HbIi). V3 aHanu3a nuarpaMm oOBEMHOTO pacupenesieHus: cleayer, YTo (pTopupoBa-
HUE HaHorpadeHa NPUBOIUT K JIydIIEeMy AUCIEPTUPOBAHUIO WM PACIIPEIACIICHUIO
HAIIOJIHUTENS B 3MOKCHUIHOM CBSI3YIOLIEM, A JIETUPOBAHME HE U3MEHSET JAHHYIO Be-
JAM4YMHYy. YcTaHoBieHO, yTo Moaudukanus Taynut-I'M rajgorenamu ioma crnoco0-
CTBOBAJIA YJIYUIIECHHUIO AJIEKTPUUYECKON MpoBOAUMOCTH. CaMbIMU JTy4IlIUM TOKa3aTe-
JIEM BJIEKTPUYECKON MPOBOAUMOCTH — 5,02x10° CM/CM OTIMYAICS KOMIIO3UT ipu 7
macc. % Tayaut-I'M-3%l.

KiroueBbie cj10Ba: OJIMMEPHBIE KOMITO3UIIMOHHBIE MATEPUAITbI; STTOKCUIHAS

cMouia; rpadeH; KOMIIO3HUT; AIeKTPOIPOBOTHOCTb.
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UccnenoBano BiusHUE 00paOOTKM TayioreHamMu Tpad)eHOBBIX HAHOIIIACTHH HA
CTENIEHb JUCTIEPCHOCTH B 00BEME AMOKCUAHOU cMOJbI (DC) METOIOM JIa3epHOTO pac-
CEUBAaHUS U CKaHUPYIOILIEH 3JIEKTPOHHOM MuKpockonuu. Bee oOpasupbl Obutd mosy-
YEeHbI OJJMHAKOBBIMU MeTofaMu. M3mepeHnue pa3MepoB 4acTHll B SMIOKCHUIHOM MOHO-
Mepe BFE-170 ocyniecTBisiioch METOIOM TMHAMUYECKOTO pacCesiHUs CBETa HA aHa-
mu3arope Nicomp 380 ZLS, koTophblil T03BOMISIET OLIEHUTH A(()EKTUBHBIN pa3Mep ya-
CTHI] TUCTIEPCHOU (ha3bl, KOTOPHIN SIBISUICS ObI UCTUHHBIM Pa3MEpPOM, €CJIH OBl 3TH
qyacTHIlbl ObUTH I1apooOpa3Hbl. Kak mokas3biBaeT aHallu3 AuarpaMM oObEMHOTO pac-
MpeeieHUs] YacTHull, MPEJCTaBICHHBIX Ha puc. 1, 2, cycneH3uu 1o 3¢ (PpeKTUBHBIM
pasmepam, CyCIEeH3Us ¢ UCXOAHbIMU Tpa)eHOBBIMM HAHOIUIACTUHKAMH HE OTJIMYACT-
Csl IO JJUCIIEPCHOMY COCTaBY OT CYCIEH3UM, cojiepkaiux rpadeH MoauQpuIupoBaH-
HbIN HlomoM B konnuectBe 1,5 u 3% Mmacc. (1o macce rpaeHOBBIX HAHOIIJIACTUHOK).

Cpennuii 3¢ heKTUBHBIN pa3Mep arjaoMepaToB JIEKUT B obsactu 1700 HM.

Puc.1. Pacnipenenenre UCXOAHBIX Tpad)eHOBBIX HAHOILJIACTUHOK MO A(PPeKTHB-
HBIM pa3MepaM B 3MOKCHIHOM MoHoMmepe BFE-170, pacTBOpeHHOM B M30MpPONUIO-

BOM CHUPTE.
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Puc.2. Pactipenenenue rpad)€HOBBIX HAaHOILJIACTUHOK C cojiepkanuem ionaa 1,5%
u 3% macc. mo 3¢ ¢GeKTUBHBIM pa3MepaM B dMOKcHIHOM MoHomepe BFE-170, pac-

TBOPCHHOM B M30IIPOITNJIOBOM CIIUPTCE.
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Puc.3. Pacnpenenenue gpropupoBaHHBIX rpad€HOBBIX HAHOIUIACTUHOK MO 3(-
(GeKTUBHBIM pa3MepaM B 3MOKCUAHOM MoHoMmepe BFE-170, pacTtBopeHHOM B u30-

ITPOITUJIOBOM CIIHUPTC.

Jia cycneH3uit ¢ (GTOpUpOBaHHBIMU TI'pa)€HOBBIMM HAHOIIACTUHAMM, IpPEJ-
CTaBJIEHHBIE Ha puUC. 3, cpeaHui 3P(HEKTUBHBIN pa3Mep arjJoMeparoB JISKUT B 00J1a-
cti 900 um. Takum oOpazom, propupoBaHue HaHOTrpadeHa MPUBOAUT K JIyUIIEMY
JUCIEPTUPOBAHUIO UX B ATIOKCUIHOM CBS3YIOLIEM.

N3roToBneHsl KOMIIO3UTHI HA OCHOBE 3MOKCUAHOM cMoibl Mapku BFE-170 u
yckoputens noaumepusanuu YII 606/2 ncnonb3yeMoro B KauecTBE OTBEPAUTEINS TO-
psAYero OTBEpKIEHMs. B poiM HamoJHUTENs MCIOJb30BAINCh HATUBHBIE, WOAUPO-
BaHHbIE U (TOPUPOBAHHBIE rpad)€HOBbIE HAHOIIIIACTUHBI MapKKH TayHUT-I'M.

B xone npoBeneHus 3KCIEpUMEHTOB, YCTAHOBIIEHO, YTO MoAU(UKaus TayHUT-
I'M ranorenamu ojia ciocoOCTBOBaIa YJIYUIICHUIO JICKTPUUYECKON MPOBOAUMOCTH
AIOKCUJHOW CMOJIbI, 10 CPaBHEHUIO ¢ UCXOAHbIM TayHut-I'M. Pesynbrarsl npen-
cTaBlieHbl Ha puc. 4. 3 pe3ynbTaTOB M3MEPEHUN ClIelyeT, 4To WoaupoBanue Ta-
yHUT-I'M cnocoOcTBOBaNa yBEIMUYEHUIO AnekTpuueckoil mpoogumoct IC. Oco-
06eHHo ATOT 3(PdeKT 3ameTeH Ha KOMIO3UTax, cojepxkamux 6 u 7 macc. % TayHut-
I'M. CaMbIMH JIydIIAM TOKa3aTeleM 3IeKTPHYECKOH MPOBOAMMOCTH — 5,02x107
Cwm/cm oTnnyancs komno3ut Ha ocHoBe BFE-170+VY11606/2, moauduumpoBanHbiii 7
Mmacc. % Taynut-I'M-3%I. TTopor nepkomnsiniuu 1151 kommosuta BFE-170+YI1606/2,
MoauduiupoBanHoro Taynut-I'M nHaOmonancs nipu 5 mace. % Tayuut-I'M, a nis
koMmro3uta Ha ocHoBe BFE-170+VYI1606/2, momudumnuposannoro Tayraut-I"'M-3%l
npu 6 macc.%. CamMpIMM JTy4lIUM TMOKa3aTeleM 3JIEKTPUYECKOM MPOBOAUMOCTH —

4,41><1()'5 Cwm/cMm otnnuancs komno3uT Ha ocHoBe BFE-170+VYI1606/2, Mmoauduium-
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poBanublii 7 Macc. % Tayaut-I'M-3%lI. Ilopor mepxomsiuu mas komnoszuta BFE-

170+Y11606/2, moguduumpoBanHoro Habmogancs npu 6 macc. % Taynut-I'M-1.5% I.

1,00E-04
1,00E-06
1,00E-08

1,00E-10

1,00E-12 -— Py
1,00E-14
- o o
1,00E-16
0% 1% 2% 3% 4% 5% 6% 7%

Puc.4. DnekTponpoBOJHOCT, KOMMIO3UTOB Ha ocHoBe BFE-170+VII606/2 ¢
HAIIOJIHUTEIEM B BUJE: CUHsSA KpuBasg +TayHut-I'M, kpacHas kpuBas Taynut-I' M-

1.5% | u 3enénas kpusas Taynut-I' M-3% I.

Taxk xe ObLIM MOJIy4eHbl 00pa3Lbl U3 AMOKCUAHONW CMOJIbI C IPUMEHEHUEM (PTO-

pupoanHoro npu 450° C rpadena (Tayuur-I'M-®).

Tabn. 1. YnenbHOE SIEKTPUUYECKOE COMPOTUBICHHE SIMOKCHUIHOM CMOJBI C

Taynur-I'M u Taynur-I' M-O.

MaccoBoe conepxaHue Bun HanoanuTens VnenpHOE 00BLEMHOE
Ne HAHOHAIIOJIHUTEIIS, COIPOTHBIICHUE
Mmacc. % Om*cm
1 0,01 Tayaur-I'M >2 92E+15
2 0,1 Taynut-I'M >2,92E+15
3 0,5 Taynut-I'M >2 92E+15
4 0,01 Tayaut-I'M-O >2,92E+15
5 0,1 Taynut-I' M-® >2 92E+15
6 0,5 Tayaur-I'M-® >2,92E+15

OO0pa3iel mokaszanu ceds Kak AudeKTpuku. Kak BumHO w3 puc. 5, F, sBIssch
JTUDJICKTPUKOM TIOKpPBIBaeT Tpad)eHOBBIC TIACTHUHBI, TEM CaMbIM Pa3/elisis UX U CIO-
COOCTBYS JIy4IlIeMy JUCIIEPTHPOBAHUIO U PACIIPEICTCHUIO B SIIOKCUTHOM MOHOMEDE,

HO CHMIKACT 3JICKTPOIIPOBOJHOCTD.
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Puc.5. I'padeHOBBIN TUCT B MCXOJTHOM MaTepuale U MOKPBITHIM MPeArnoIoKu-

TEIbHO (PTOPOM.

*Uccnedosanue 6b1noaneHo npu @GuHancosol noooepixcke PODU e pamkax

Hayuno2o npoexkma Ne 18-29-19121

ELECTRIC CONDUCTIVE COMPOSITE USING
HALOGENATED GRAPHENES

ABSTRACT

In the course of the work, samples of a composite based on epoxy resin and
nanographene (Taunit-GM original, iodinated and fluorinated) were prepared. From
the analysis of the volume distribution diagrams, the fluorination of nanographene
leads to better dispersion and distribution of the filler in the epoxy binder, and alloy-
ing does not change this value. It was found that modification of Taunit-GM with io-
dine halogens improved electrical conductivity. The best indicator of electrical con-
ductivity - 5.02x10™ S / cm was distinguished by the composite at 7 mass. % Taun-
ite-GM-3% I.

Keywords: polymer composite materials; epoxy resin; graphene; composite;
electrical conductivity.
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AHAJIN3 CTPYKTYPHBIX TAPAMETPOB YIVIEPOJHbIX
HAHOMATEPHAJIOB «TAYHUT» METOAOM KOMBUHAILIMOHHOI'O

PACCESIHUS CBETA
Tonukoe FOpui Hukonaesuu™ Yuri Tolschkow*
acnupaum, ®I'60OY BO "TI'TY", Postgraduate student,
Poccus, 2. Tambos Tambov StateTechnical University,
*Aemop-koppecnonoenm (YuacmHuK): Tambov, Russia
E-mail: Tolschkow@mail.ru *Corresponding (participant) author:
E-mail: Tolschkow@mail.ru

AHHOTALIUSA

B uccnenoBanuu npoaHaIM3upoOBaHbl 0COOCHHOCTH CIIEKTPOB KOMOUHAITMOHHOE
paccesiHie CBeTa MHOTOCJIOMHBIX YTJIEPOJHBIX HAHOTPYOOK, KOTOphIE ObUIH IMOJTyde-
HBI TIPY PA3TUYHBIX BPEMEHHBIX MapamMeTpax CUHTE3a. YTJEpOoHbIe HAaHOMATEePHUAIbI
OBUIM CUHTE3UPOBAHBI CIIOCOOOM Ta3odazHoro xumuueckoro ocaxaenus (CVD) yr-
nesoaoponoB (CxHy) Ha katanuzatopax (Ni/Mg).

KuarwueBble c1oBa: CIEKTPOCKONUs, KOMOMHAIIMOHHOE paccesinue cBeta (Pa-
MaHOBcKas crnekrpockonusi, KP-cnexkrpockonus, KPC), MHOTOCTOIHBIC YIiIepoIHbIS

HanoTpyoku (MYHT); rpaden; kpuctaaiur.

Crnextpockonusi komOuHanmonHoro paccesiuust (KP) cBera paccmarpuBaercs,
KaK TPEeANnOYTUTENIbHBIA METOJl MPH HM3YyYEHUU CTPYKTYPhI YIJIEPOJHBIX BEIIECTB,
IIPUYEM KIIFOUEBOM SBIISIETCSI BO3MOXKHOCTD BBIIIOJIHEHUS UCCIEA0BaHUS MOJIEKYJISP-
HO-KPUCTAJNIMYECKUX OCOOEHHOCTEW MEepecTpOMKU BEIIECTBA 3a CUET Hepas3pyllaro-
1Iero Bo3nencTBUs. (s 3Toro paccMaTpuBaroTCsl MOJIOCHI, OTBEYAIOUIUE 33 Pa3yIo-
PAI0YHOE COCTOsTHUE TpaeHOBBIX ()ParMEeHTOB.

B pamkax wuccnenoBaHus ObUIM pacCMOTpPEHbl M HU3y4deHbl MeTogoM KP-
CHEKTPOCKONUU OCOOEHHOCTH YIJIEpOJHbIX HaHomatepuanoB «Taynur» (OOO
«HanoTexIlentp», r. Tam0O0B), KOTOpBIE OBUIH MOJYYCHBI TPU PA3THUUYHBIX PEKUM-
HbIX mapameTpax cuHre3a. Cnenuduka paboThl MO AAHHOMY HANpaBJICHUIO ObLIa
ofpesiesieHa TeM, YTO B paHee BBIMOJIHEHHBIX MCCIEI0BAaHUAX MO pa3paboTKe HaHO-

MOI[I/I(i)I/IKaTOpOB AJIs1 KOMITIO3UTOB CIICHUAJIbHOI'O HAa3HAYCHUA IIPpHU pa60Te C pasjinu-
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HBIMHM BapualMsMU JAHHOTO MaTepualia HaOionasach HEKOTOPbIE pa3jinyusi, CBS-
3aHHBIE C MPOIIECCOM HX MepepadOTKH, HAMpUMep MpH (HOPMHUPOBAHUH KOJUTOMTHBIX
CUCTEM.

Ha ocHOBe aHanm3a pacCMOTPEHHBIX JIUTEPATYPHBIX UCTOYHUKOB [1 — 3], ObLTH
ornpe/eeHbl TEXHUYECKHUE XapaKTEPUCTUKU YTIEPOJIHBIX HAHOTPYOOK, KOTOpbIEe 00-
Jiee MPEANOYTUTEIbHBl K UCIOJIb30BAHUIO M OTBEYAIOT acleKkTaM 3HeprodPp¢heKTrB-
HOCTHU TIpH ux o0padoTke. Cpeau OCHOBHBIX MapaMeTPOB OBLIM BBIACICHBI CIEAYIO-
ye: JyInHa HaHOTPYOku He Oojee 3 — 5 MkM, nuametp BHemHuM 10 — 60 HM, qua-
MeTp BHyTpeHHUW 10 — 20 Hm. Takue 3HAYEHHUS TOHKHBI MO3BOJUTH YCTAHOBUTH
YCTOMYMBOE B3aUMOJEHCTBHE CO CTPYKTYpaMu KOMIIO3UTA Pa3IMYHON IpUPOAbL, 03
MIPUMEHEHUSI UHTEHCUBHBIX U pa3pyLIAIOIINX METOJIOB BO3ACHCTBUS C COXPAHECHUEM
MCXOJIHBIX (DYHKIITMOHAJIBHBIX CBOMCTB HAHOTPYOOK.

[Ipumensiembie B paboTe yriaepojHble HaHOMATEpUANbl ObLIM CHHTE3UPOBAHBI
croco0oM ra30(hasHOro XUMHUECKOTO OCaKACHUs (KaTamuTuueckuil muposu3-CVD)
yraeogopoaos (CxHy) na karanuzartopax (N1/Mg). Temneparypa cuHTe3a 41 BCEX
o6pasioB cocrasisiia 630 °C, pacxon mpormaH-6yTaHOBoi cMecH 15 1/MuH. Bpewms
CUHTE3a HaXOAUJI0Ch B nuana3zoHe ot 1 1o 90 munyt. CTpyKTypa paccMaTpuBacMbIX
YIJIEPOAHBIX HAHOMATEPHAJIOB OLIEHMBAJIach HAa OCHOBAaHWU CKaHUPYIOUIEH HJIEK-

TPOHHOM MUKpockonuu (puc. 1).

a) S2-23 (Bpems cunTe3a — 40 MUHYT) 0) S2-24 (Bpems cunTe3a — 90 MUHYT)

Puc. 1. Onexrponnbie nuzobpaxenus YHT «TayHury.
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Ananu3z mukpodoTorpaduii mokasai, 4To B 3aBUCUMOCTH OT pacCMaTpUBaEMOro
HAHOOOBEKTA, JTUAMETP YTICPOAHBIX HAHOTPYOOK HAXOJUTCS B Pa3HOM JHana3oHe
sHayeHu# (S2-20: 30 — 60 am, S2-21: 70 — 104 um, S2-22: 55 — 95 um, S2-23: 50 —
100 M, S2-24: 35 — 78 uM). MaTepuan 1o yCIOBHBIM 00o3HadeHueM S2-24 oTiu-
YaeTcsi MEHBIIEH CIYyTaHHOCTHIO U HAa OCHOBaHUU MHUKpPOQOTOrpaduii MOXKHO cle-
JaTh BBIBOJ, YTO Hapsy C MaJbIMU arperaramu yriepoJHbIX HAHOTPYOOK MPHUCYT-
cTBYIOT M mHauBHayanbHble YHT. Cpennuii nuamerp HaHomarepuanoB (S2-24) He
npeBbimaetT S0 HM, B CpaBHEHUHU C JIPYTUMU O0Opa3laMu 3TO 3HaueHUE (PaKTUYECKU
SBIISIETCS. MUHUMAJIbHBIM.

C uenbio BBISIBICHUS 3aKOHOMEPHOCTEH CTPYKTYPHBIX NApaMETPOB YTIIEPOTHBIX
HAaHOMATEPHAJIOB, TUIAHUPYEMBIX K HCIOJIb30BAaHUIO B KaU€CTBE MOJUPUIMPYIOLINX
100aBOK ISl KOMIIO3UTOB CIEIMATFHOTO HAa3HAYCHUS, HAMU ObUTHA TPOBEACHHI CIIEK-
TpaJIbHbI€ HUCCJEIOBAHUS CTPOCHMS PA3IMYHBIX MOAU(DUKAIMKI yriIepoJHOro HaHO-
Matepuaina « TayHUT», TOJy4YEeHHOTO IPU Pa3INYHbIX PEKUMHBIX apaMeTpax CUHTe-

3a.

S2-20

S2-21

S$2-22

S$2-23

S$2-24

UHTeHcuBHOCTb, KP ycn. ep.

0" 600 100014001

Raman shift, cm™

Puc. 2. KP-cnektpsl YHM «TayHuT» npu pa3iudHbIX MHTEPBAJIaX BPEMEHU

CHHTC3a.
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Bo Bcex momudukanmusx yriaepoaHbIX HaHOMATEPHAIOB MPUCYTCTBYIOT IMHUKH,
yKa3bIBAIOIIME Ha cojepkaHue B oOpasuax HaHOTpyOok. IlepBas rpymma G-
uHTeHcHBHOCTEH (= 1570, = 1575, ~ 1574, ~ 1581 u =~ 1572 cm™), Bropast rpymma D-
MHTEHCHBHOCTEH (= 1340, ~ 1355, ~ 1342, ~ 1342 u ~ 1338 cm™).

u

CornacHo MoJIy4eHHBIM JIaHHBIM C YBEJIMUYEHUEM IJUTEIHHOCTA BPEMEHHU CHH-
Te3a Mmokasareib cootHolnenne D/G (xapakTepusyromiuii 1e(peKTHOCTb CTPYKTYPHI) C
HEKOTOPON HE3HAYMTEIBHOM May30i Ha HadYalbHBIX mepuojax BosaecTBus (5 u 10
MHUHYT) OCTaeTcsi OJU3KUM K €JIMHHIIEC, MOCJEe Yero HalJI0/1aeTcs CYIIEeCTBEHHBIN
pOCT 3TOrO Nokaszarens otT 3HadeHus 1,07 no 1,54. Takou xapakTep U3MEHEHHS ITOKA-
satens D/G (puc. 2) cBuieTenbeTByeT 00 aKTUBHO MPOTEKAIONIMX TEPMUIECKHUX TIPO-
1eccax B XOJIe CHHTE3a B Pa3JIMUHBIX MOBEPXHOCTHBIX CIIOSX HAHOTPYOOK, KOTOpHIE
CIOCOOCTBYIOT 00OPa30BAHUIO HOBBIX AKTHUBHBIX IIEHTPOB WJIU JE()EKTOB BBIMOIHSIO-
[IUX POJIb BAKAHTHOW (PYHKIIMOHAIBHOU TPYIIIIHI.

AHanu3 CTPYKTYpHBIX MapaMeTpoOB YIJIEPOAHBIX HAHOMATEPHUAIOB METOOM
KOMOHMHAIIMOHHOTO PaCcCesSHUs CBETa, MMO3BOJIMII YCTAHOBUTD, YTO cooTHOIIeHHE Ip/lg
Yalie BCEr0 BBICTYMAIOIIETO B KAueCTBE IMOKA3aTelisl, OIEHUBAIONMIETO J1e(PEKTHOCTD
HAaHOTPYOOK B pacCMaTpUBAEMbIX OOBEKTAX UCCIEIOBAHUS HEb3sl OJJHO3HAYHO CBS-
3bIBaTh C OIICHKOM Oecropsiika uin aMop(HOro COCTOSIHUSA, TaK Kak mokaszatenb Ip/lg
SMITMPUYECKHU CBS3aH C Pa3MEPOM KPUCTAIUIUTA YIJIEPOJHBIX HAHOCTPYKTYp. Mcxoas
13 aHaju3a TEOPETHUUYECKUX 3aBUCUMOCTEH BBISIBIICHO, YTO MPU MAKCUMaJIbHOUW 1JIH-
TeabHOCTH cuHTe3a (90 MUHYT) pa3Mep KPUCTAUIUTAa OCTACTCS MUHUMAIBHBIM U
HAaXOJUThCs B Auana3zoHe oT 3 10 11 M. CrnepoBaresbHO, BBICOKAM MOPOT MHTEH-
CUBHOCTH JIuHUU D (koTopblil HaOm0gaeTcss pu BpeMeHu cuHTe3a oT 20 1o 90 mu-
HYT) MOXET OBITh CBSI3aH HE TOJBKO C Je(hEKTHOCTHIO CTPYKTYPhl HAHOMAaTEpHaia, HO
Y C yMEHBIIIEHHEM pa3mepa rpad)eHOBBIX (PparMeHTOB KPUCTAJUIUTOB U UX MEHBIIIUM

JTUAMETPOM OTHOCHUTEILHO JAPYTUX 00pa3IioB.

Cnucok aureparypsl
1. Mopdomnorus u MK-cnekTpockonusi KIMHONTUIONUTA JOMAPOBAHHOTO

yriepoaubiMu HaHoTpyOkamu / JI.A. XKyxkamun, A.B. Tyuun, J.I'. Kynukos, A.A.
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KypHaJIe)

2. @pakTaibHas KOAryysilus MOJUAUCIEPCHBIX THAPATUPOBAHHBIX MUHE-
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Kykanmun, E.B. AnekceeBa, C.B. Apunos, A.H. Jlykun // KonaeHcHpoBaHHBIE CpEIbI
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3. Dispersive Raman spectra observed in graphite and single wall carbon
nanotubes / R. Saito, A. Jorio, A.G. Souza Filho, A. Grueneis, M.A. Pimenta, G.
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(cTaThs Ha AHTJIMKUCKOM SI3BIKE B MHOCTPAHHOM KypHAaJe)

ANALYSIS OF STRUCTURAL PARAMETERS OF CARBON
NANOMATERIALS "TAUNIT" BY RAMAN SCATTERING OF LIGHT

ABSTRACT
The study analyzes the features of the Raman scattering spectra of multilayer
carbon nanotubes, which were obtained at different time parameters of synthesis.
Carbon nanomaterials were synthesized by gas-phase chemical deposition (CVD) of
hydrocarbons (CxHy) on catalysts (Ni / Mg).
Keywords: Raman spectroscopy (Raman scattering); multilayer carbon nano-
tubes (MWCNTSYS); graphene, crystallite.
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YIJEPOJHBIE HAHOTPYBKH — D@ ®EKTUBHBIM KOMIIOHEHT
KOMBHUHHNPOBAHHOI'O KATA/IM3ATOPA I'OPEHUSA
JHEPT'OHACBIIIEHHBIX MATEPUAJIOB

Cuzo6 Braoumup Anexcanopoeuu*

K.M.H., 00YeHm Kagheopvl XuUMUU 1 MexHoI02UU
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AHHOTAIUA

N3ydeno BiusiHue caxxu U yriepoansix HaHOTpyOok (YHT) Ha ckopocTh rope-
HUSI Pa3JIMYHBIX SHEPrOHACHIIICHHBIX MaTepuanioB (OM) — OATUCTUTHBIX TBEPABIX
PAKETHBIX TOIUIMB, MUPOTEXHUUYECKUX COCTABOB M WHIWBHUIYaJIbHBIX B3PHIBUATHIX
BeniecTB. [lokazaHo, 4yTo, B otinune oT caxu, Y HT yCkopsAroT ux ropeHue, HO riaBs-
HOE — 00JIee 3HAYUTEIBHO YBEIMUYUBAIOT d(PPEKTUBHOCTD JACHCTBUS KaTaan3aTOPOB
rOpeHus 3a c4eT o0pa3oBaHMs HaJl MOBEPXHOCTHIO TOPEHHs 0o0Jiee MIOTHOTO YIJie-
ponHoro kapkaca. Mcnosb3zoBanue YHT pacmmpsier BO3MOKHOCTH PETYJIUPOBAHUS
3aKOHOMEPHOCTEN ropeHusi DM pa3IM4yHOro Ha3HAYCHHUS.

KiroueBble ciioBa: caxa; yriaepoJHble HAHOTPYOKH; KaTalnu3aTopbl TOPCHUS,
TBEPJI0€ PAKETHOE TOILJIMBO; B3phIBUATHIE BEIIECTBA; MUPOTEXHUYECKUM COCTAB.

Jlns co3nanust BICOKOA((EKTUBHBIX CHUCTEM Pa3IMYHOrO0 Ha3HAauyeHUs (paKeT-
HbIE JIBUTATEJN, CTBOJIbHBIE CUCTEMBI, Ta30T€HEPATOPHI U JIp.) Ha 0a3e TBEPABIX dHEP-

TOHACBIIIEHHBIX MaTepuanoB (OM) HEoOX0AUMO MMETh BO3MOKHOCTH PEryJIHMpOBa-
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HUS CKOPOCTH TOPEHMS, 3aBUCUMOCTH €€ OT JABJIEHUS U HAadaJbHOW TEMIIEPATYPHI
3apsja, a TaKke 00eCreynTh MOJHOTY TOPEHUS B PA3JIMYHOM MHTEpBAJIC JaBICHUS.

Bo mMHOTrHX ciy4asix 3TO peaJin3yeTcs 3a CYET BBEAEHU B cocTaB OM Karanu3a-
TOpoB (MoaupukaTopoB) ropeHusi. Hampumep, B coctaBe TBEpJOTr0 pakeTHOTO TOII-
nuBa OammuctutHoro tuma (BTPT) nHamGonee spdekTUBHO UCIOIB30BaHUE KOMOMU-
HUPOBAHHBIX KATAJIIM3aTOPOB, COCTOAIINUX M3 PA3JIUYHBIX COJIEH NMEPEXOTHBIX METa-
JIOB B COYETAHHUH C CAXEH, poJib KOTOPOI 3aKJIF04aeTCsl B 00pa30BaHUM HA IOBEPXHO-
CTH FOPEHHSI YIIIEPOJUCTOrO Kapkaca, 0€3 KOTOpOro HE MPOMCXOAUT KaTaliu3a rope-
Hus [ 1], 1, ¢ Ipyroil CTOPOHBI, KapKac SABISETCS TOPIOYUM KOMIIOHEHTOM, OKUCIIEHUE
KOTOPOT'O OKCHUJIOM a30Ta KaTaIUu3upYIOT 3TH JOOABKHU.

Ho, HecMOTpsi Ha TOCTUTHYTHIE YCIIEXU, HE BCE MPOOJIEMbl PEIIEHBI, B YACTHO-
CTH, UHTEpBaJ JaBJICHUS, B KOTOPOM MposBsieTcss 3OPEKTUBHOCTh EUCTBUS KaTa-
JU3aTopa, TOCTAaTOYHO Y3KWU, U HEOOXOAMMO €ro YBEIWYUTH JJI PACUIUPEHUS BO3-
MOYHOCTEN NMpUMeHeHUs1 DM.

[IpoBeneHHble HAMU HCCIIEIOBaHUS [2, 3] MOKa3aau, 4TO pOJb Ca)Xu MOTYT BbI-
MOJIHUTH yTiepoubie HaHOTPYOku (YHT), koTopbie 001a1at0T pa3BUTOM CTPYKTY-
POl M HCKJIIOYUTEIBHO BBICOKOW TEIUIONMPOBOJHOCTBHIO, B THICAYM pa3 IMPEBBIIIAIO-
IIyI0 TeIIonpoBoAHOCTh caxu [4]. Kak mokazano B [2], YHT oka3sbiBatoT Gosibliiee
BIIMsIHUE HA 3(P(HEKTUBHOCTH JIEUCTBUSA KATaJIM3aTOPOB HUZKOKAJIOPUIHOTO MOpPOXa,
yeM caxa. Kpome Toro, oHM TakyKe OKa3bIBAIOT BIUSIHUE B MHAUBUIYaTLHOM BUJIE U
Ha HU3KOKAJIOPHUITHOE OAJTMCTUTHOE TOILIMBO JUIsl Ta30I€HEPAaTOPOB, U HA TOIUIMBO
IUIsL a3p030JIbHOrO moxkapoTtyiieHus. B [3] mokazano npumenenne YHT B cocrase
KOMOWHHPOBAHHOTO KaTaau3aTropa Jjisi OAITTUCTUTHOTO TBEPIOTO PAKETHOTO TOTUIUBA
(BTPT), koTOpO€ BO3MOKHO TPUMEHSTH B TPOTUBOTPAIOBBIX paKeTaXx.

[lenpro maHHOW pabOTHI SIBUJIOCH M3YYCHHUE BIUSHUS YTICPOIHBIX MAaTEpUAJIOB
Ha CKOPOCTh TopeHusi MmojaeiabHoro bTPT, cocrosiero u3 HUTPOLEIUIIOI03bI U HUT-
porauiieprHa (COOTHOIICHUE MEXy MOJMMEPOM U riactudukatopom = 1), crabu-
JM3aTopa XUMUYECKON CTOMKOCTH AM(EeHUIaMUHA ¥ WHIYyCTPUATHLHOTO Macia; MO-
nenbHoro nuporexuudeckoro cocrara (I1C) Ha ocHoBe HuTpaTa 6apust u dpenosndop-
Manpaerugnoit cmonsl (ODC), mnactupuupoannon auodytmidranarom (IbD), ¢
cootHomieHneM JIb® k @OC = 0,67; a Takke MHIAUBUAYAIbHBIX HAUTPOCOCIUHEHUM,

B KOTOPBIX OKHcIUTeNeM siBisgercs rpynna NO,: tpunutpobensona (THB) u tpunuT-
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popesopuuna (THP). Jlnsg ynydiieHus TEXHOJIOTHYECKUX U (PU3HKO-MEXaHUYECKHUX
coiictB B [1C BBOgMM 1,5 % ¢roporuacra-4 u 0,5 % creapara KaJiblusl.
UcnonszoBamu YHT cepun «Tayaut-MI» (T-M]1), a Taxke caxy (YM-76) nis
cpaBHeHUsl. O(G(EKTUBHOCTh JEHUCTBUS KaTadu3aTOPOB OILICHUBAIM BETUYMHOU
Z = U,,6/Uo, Tie U, 1 Uy - cKOpocTh ropeHust o0pasiia ¢ 100aBkoi u 6e3 Heé, CooT-
BETCTBEHHO. B Tabnuiie 1 npeacraBieHbl JaHHBIE 110 BIUSHUIO YTIJIEPOIHBIX MaTEpU-

aJIOB B MHAUBUAYAJIbHOM BHUJIC Ha CKOPOCTb IT'OPCHMA.

Ta6n. 1. BnusiHuE yriepoAHbIX MATEPUAIOB HAa ITAPAMETPbI TOPEHUSI pa3InYHbIX DM.

M TloGaska y P=2 MIla P=10 MIla
U, Z; Uio Zyo

Be3 nobasok 0,76 51 - 17,4 -
BTPT 1,5% YM-76 0,70 6,0 1,2 18,6 1,1
1,5% T-M/] 0,58 9,2 1,8 23,4 1,4

Be3 nobasok 0,99 0,9 - 45 -
THB 1% YM-76 0,83 He ropur - 5,3 1,2
1%T-M/] 0,76 1,6 1,8 55 1,2

Be3 nobasok 0,84 1,8 - 6,9 -
THP 1%YM-76 0,76 2,1 1,2 7,1 1,0
1%T-MI 0,50 3,5 2 7,8 1,1

Bes nobdasok 0,73 2,7 - 8,6 -
I1c 2% YM-76 0,52 4,3 1,6 9,7 1,1
2% T-MI 0,70 4,9 1,8 14,6 1,7

HauGonbiiee Biusaue Ha ropenue DM oxkassiBatoT T-MJI, KoTOpbIE yBEIMUU-
BatoT ckopocth ropenus bTPT B 1,8 pa3za npu nasnennu 2 Mlla, u B 1,4 paza ipu 10
MIla, camkas 3HadeHne v B 3akoHe ropenuss U = Bp'. Jlns TIC ckopocTh ropeHus
npu BBosie T-M] yBenuuuBaercs B 1,8 paza npu 2 MIla u B 1,7 paza npu 10 MIla.
Ha ckopocth ropeHnst HUTpOCOEIMHEHNUM Ccaka HE OKA3bIBACT BIUSHUA. Y TJIEPOIHbBIC
HaHOTPYOKHU B KojudecTBe 1 % 3HAUMTENBHO YBEIUYHMBAIOT CKOpocTh ropenus THD
u THP nipu 2 MlIla (B 1,8 u 2 pa3a, COOTBETCTBEHHO).

B Tabnuiie 2 nmpuBeaeHO BIUSHUE YIIIEPOAHBIX MATepUaIoB Ha 3PHEKTUBHOCTD

NEUCTBUA KaTtanu3atopoB ropenus. T-MJl oka3piBatoT Takxke Oojiee CyIIeCTBEHHOE
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BIUsAHUE Ha 3(p(DEKTUBHOCTH JeWCTBUS KaTanuzaTopa ropenus bTPT, yBenuduBas

CKOpOCTh TopeHusi B 2,3 paza nipu 2 MIla u B 1,7 paza npu 10 Ml]a.

Tab6a. 2. BnusiHue yriiepoJHbIX MaTepranoB Ha 3G (HEKTUBHOCTh JEHCTBUS KaTa-

JU3aTOPOB pazIuYHbIX OM.

P=2 MIla P=10 MIla
OM JloGaBka v
U Z; Uqo Zio
Bes nobasok 0,76 51 - 17,4 -
BII 5% kart. + 1,5% YM-76 0,63 7,4 1,4 20,4 1,1
5% xar. + 1,5% T-M]] 0,58 11,9 2,3 30,3 1,7
Bbe3 nobaBok 0,84 1,8 - 6,9 -
3% Kar. 0,44 51 2,8 10,3 15
THP
3% xat. + 1% YM-76 0,28 6,6 3,7 10,4 15
3% xat. + 1%T-M] 0,25 7,6 4.2 11,3 1,6
be3 no6asok 0,73 2,7 - 8,6 -
I1C 2% xar. 0,71 3,8 14 11,2 1,3
2% xat. + 1% T-M]], 0,68 51 1,9 15,2 1,8

CHmwxenne 3(pPeKTUBHOCTU NEUCTBHUSI KOMOMHUPOBAHHOIO KaTald3aTopa CBS-
3aHO CO CHIKeHueM mokazarens v ot 0,76 mo 0,58. JlobaBneHue yriiepoaHbIX Mate-
pHAJIOB 3HAYUTENIBHO YBETUUYHUBAET 3(PPEKTUBHOCTD IEUCTBUS KaTalu3aTopa FOPEHHUsI
THP — npu 1 MIla npu BBone 1 % caxu Z = 5,5 u Z= 6,5 nipu BBoge 1 % T-M/I.
[Ipu nobasnenun 1 % T-MJI k Katanu3zatopy MPOUCXOIUT CYIIECTBEHHOE CHIDKCHHE
3HA4YEHMs Vv B 3aKoHe ropenus — ot 0,84 no 0,25.

Takum 00pa3om, yriiepoJHble HAHOTPYOKHU ABIAIOTCS 3((PEeKTUBHON N00aBKOMH,
KOTOpasi MO3BOJISIET PACIIMPUTH BO3MOXXHOCTU PETYJIMPOBAHUSA CKOPOCTH TOPEHUS
paznuyHbix OM. PocT ckopocTu ropeHusi CBs3aH ¢ 00pa30BaHUEM HAa MOBEPXHOCTH
TOPEHUsl Pa3BUTOrO YIJIEPOJHOIO Kapkaca, Ha KOTOPOM IPOUCXOJUT MHTEHCHUBHOE
TEIJIOBBIJIETICHUE, U OOJIbIlIee KOJIMYECTBO TEIIa MOCTYIMAaeT U3 ra3oBoi ¢as3bl B K-

a3y nmyTem TerIonpOBOIHOCTH.
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CARBON NANOTUBES - EFFECTIVE PART OF ENERGETIC
MATERIALS COMBINED BALLISTIC MODIFIER

ABSTRACT

The effect of carbon black and carbon nanotubes (CNT) on the burning rate of
various energetic materials (EM) - double-based propellant, pyrotechnic composition
and explosives was studied. It has been shown that CNT, unlike soot, accelerate their
combustion, but most importantly, they more significantly increase the burning rate
modifiers efficiency due to the formation of a denser carbon skeleton over the com-
bustion surface. The use of CNT extends the possibilities of regulating Ems combus-
tion laws for various purposes.

Keywords: carbon black; carbon nanotubes; propellant; burning rate modifier;
pyrotechnics; explosives.
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AHHOTANMUSA

Pa3paboTaHbl 3MOKCUAHBIE KOMIO3UIMU JUIsI TOKOIIPOBOASIINX KJIEEB, CIIOCO0-
HbIE OTBEPKIATHCSA CMECEBBIM AMHHHBIM OTBEPAMTENIEM IPU KOMHATHOM U yMEPEH-
HBbIX Temmeparypax. MccienoBaHbl peosiorH4ecKue, TePMO-MEXaHUYECKUE U DIICK-
TPOIPOBOJISIINE CBOICTBA pa3pabOTaHHBIX MaTEpUAIOB.

KuiroueBbie ci10Ba: SMOKCUIHBIE OJIUTOMEPHI; AKTUBHBIE pa30aBUTENN; aMUH-

HbIA O0TBEpAUTEND; « TayHuT-M»; TokonpoBomsamuii kie; JICK; TMA.

Ocoboe MecTo cpel COBPEMEHHBIX KJIEEBhIX KOMIIO3UITMOHHBIX MaTEPHAIIOB HA
MTOJTMMEPHON OCHOBE 3aHHMAIOT TOKOMPOBOJISAIINE KJIEH, NMpeaHa3HauYCHHBIC NI pe-
MOHTA JJIEKTPOHATPYKCHHBIX yYaCTKOB, OBICTPON TalKU U KPEIUICHUS SJIEMEHTOB,
JUTSI KOTOPBIX HEOOXOIMMO CHSATHE CTATHYECKOTO DJICKTPUUYESCTBA.

Nmeetcst moTpeOHOCTh B KOHCTPYKIITMOHHBIX U PEMOHTOIPUTOTHBIX TOKOTIPOBO-
JSIIIAX ITMOKCUJIHBIX KJIESX XOJOJHOTO OTBEPXKICHHS, KOTOphIe 00JagaroT HEOO0Xo-

JUMOM 3JIEKTPOIPOBOJHOCTHIO U CITIOCOOHBI 00ECIIEYUTh 33/IaHHbIE TEXHOJIOTUYECKUE
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Y TIPOYHOCTHBIC CBOWCTBA MPHU CKJICUBAHUM PA3TMYHBIX MAaTEpUAJIOB M KpyMHOTaba-
PUTHBIX aetaneit [1].

B nanno#i pabote Oblia mocTaBieHa 3ajiaya pa3paboTaTh SMOKCUHOE CBA3YIO-
ee ¢ MPUEeMIIEMOM BSI3KOCTBIO, MPUTOJIHOE JJISI MOJTYYEHHS] HANOJHEHHBIX OJIHO-
CTEHHBIMH YTJIEPOJIHBIMU HAHOTPYOKaMU TOKOIMPOBOJSIIMUX KJIEEBBIX KOMIO3UIIUNA
XOJIOZHOTO OTBEPKACHUS.

OCHOBHBIM KOMITOHEHTOM SBJISUTIACh 3MOKCUIHAs cmoia DJ1-20. OtBepaurtenem
CIIyKHJIa CMeCh allM(PaTUUYECKUX U apOMATHYECKUX aMUHOB, CIIOCOOHBIX OTBEPKIATh
AMOKCUAHBIA osuromep D/[-20 rmpyu KOMHATHOM U YMEPEHHBIX Temneparypax [2]. Pe-
T'YJIUPOBAHUE BSI3KOCTH MCXOJHOM SMOKCUIHON KOMIIO3UIIMK OCYIIECTBIISLIIN MPH T10-
MOIIM M- U TPUPYHKIIMOHAIBHBIX aKTUBHBIX pazbaButenein Mapku Jlampokcun (2J1
u 3JI). B kauecTBe TOKOMPOBOASIIETO HAMIOIHUTENSI MPUMEHSIIN OJTHOCTCHHbBIE yTJie-
ponubie HaHOTPYOkH (YHT) mapku «Taynut-M» (BHeurHuit nuametrp 10 — 30 Hwm;
yIeIbHAs IIOBEPXHOCTH > 270 M/ HachkImHast mwioTHOCTH 0,025 — 0,06 r/em’) [3].

MeTton0oM pOTAIMOHHON BUCKO3UMETPUU OBLIO MOKAa3aHO, YTO (DYHKIIMOHAJb-
HOCTh pa30aBUTENsI OKa3bIBACT BIMSHUE HA PEOKMHETUYECKUE MapaMeTphl Mpoiiecca
OTBEPKACHUS, TAKUE, KaK BpeMs reaeo0pa3oBaHus U )KU3HECTIOCOOHOCTb.

ITpu npoBenennu ucciaegoBanuii MmetonoM JICK B ckanupyromieM pexume ObLIo
YCTaHOBJICHO, YTO Tporiecc oTBepxkacHus kak DJ1-20, tak u 2JI u 3JI BeIOpaHHBIM
OTBEpAMUTEIIEM MPOTEKAECT B OJHOM TemrneparypHoM auamnazone (ot 30 mo 150 °C), co
CXO0XHUM TerioBbIM 3dexrom peakiuit (350 — 390 JIx/r); TemrepaTypa Hadaga u
TeMrepaTypa MakCUMyMa TTUKOB OTBEPIKIEHUSI UMEIOT Osin3kue 3HaueHus. CrenoBa-
TEJIbHO, MNP MOJYYCHUH MOJIUPUIMPOBAHHBIX JlampokcuaaMu KOMIIO3UIUN BO3-
MOHO 00pa30BaHUE PETYISIPHOM ceTyaTol cTpyKTyphl. [lokazano, uto YHT He oka-
3BIBAIOT CYIIECTBEHHOI'O BJIMSHUS Ha TeMIEpaTypHBIA JHANA30H PEAKIUU, XOTSA U
CHIDKAOT TerioBou a¢gdext g0 300 JIx/r.

Jns monmydeHust TOKONpoBoAmmx komnosunui, YHT npenBapurtenbHo COB-
Memanu ¢ JlampokcuoM, moydass CTaOWIbHBIA NMpU XpaHEeHUU KoHIeHTpaT. KoH-
IIEHTPAT BBOAWIN B SMOKCHIHYIO KOMIIO3HUITMIO B TAKOM KOJIMYECTBE, YTOOBI COIEP-

xanue YHT coctaisino 2 macc. % OT Macchl CBA3YIOIIETO.
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N3ydyeHne peonornyeckux CBOMCTB HAMOJHEHHBIX KOMIIO3UIIHMM MMOKAa3ai10, YTo
cucteMa ¢ 3JI He ABIAETCI TEXHOJOTUYHOMN BCIEACTBHUE BBHICOKON HAYaJIbHOM BS3KO-
ctu. [IpeanodTuTenbHO UCTI0NIB30BaTh 2J1 My cmecu TaHHbIX JIampoKCHIOB.

YaenpbHOE 00BEMHOE DJIEKTPUUYECKOE CONPOTHBICHUE HAMMOJHEHHBIX KOMITIO3H-
i, MoIu(pUIIMPOBaHHBIX Jlanpokcuaamu, OTBEPKAAEMbIX IIPH KOMHATHON TeMmIlie-
parype, YMEHBIIWIOCH MPUMEPHO Ha 14 MOPSIAKOB MO CPABHEHUIO C UCXOJIHOW HEHAa-

s pod e -2
MOJIHEHHOU AITOKCUIHONM KOMITO3UIIUEN 1 cocTaBuiio 5 — 7-10° Om M.
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CONDUCTIVE EPOXY COMPOSITIONS FILLED WITH CNT

ABSTRACT
Epoxy compositions for electro-conductive adhesives were developed. These
compositions can be cured with a mixed amine hardener at room and moderate tem-
peratures. The rheological, thermo-mechanical and electro-conductive properties of
the developed materials were investigated.
Keywords: epoxy oligomers; active diluents; amine hardener; «Taunit-My;

electro-conductive adhesive; DSC; TMA.
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AHHOTAIUA
N3ydensl cmoco0 BBEACHHS YTICPOAHBIX HAHOTPYOOK B SMOKCHAHBIE CMOJIBI
IIpU TTOMOIIM MEXaHMYECKOTO JUCIIEPTUPOBAHUS C MOMOIIBI0 ToMorenusaropa (HG-
15A-set-a) u BiHMsSHUE PEKUMOB BBEJCHUS HAHOCTPYKTYP HAa MX paclpeiejicHHuEe B
AIIOKCUIHOU CMOIJIE.
KuroueBble ciioBa: yriiepoHble HAHOTPYOKH; 3MIOKCUIHAS CMOJIa; TOMOTE€HU3a-

TOP; HAHOCTPYKTYPHI.

OIOKCUJIHBIE CMOJIBI OTHOCATCS K KJIACCY TEPMOPEAKTHUBHBIX IUIACTUKOB H
CXOJHBI C TAKUMHU Marepuaniamu, Kak (peHoJibl U NoJud(dupsl. Psa 1ieHHBIX CBONCTB
AIOKCUIHBIX CMOJI ITPUBEII K UX IIUPOKOMY MPUMEHEHUIO B MPOMBINIIEHHOCTH. OHU
YHUBEPCAIbHBI BCIEICTBUE CBOEH HE3HAYUTEIBHOM YCAJKH, JJETKOCTH OTBEPKICHMUS,
XOpOILIEN XUMHUYECKON CTOMKOCTH U YPE3BBIYAWHO BBICOKOW MPOYHOCTH KJIEEBOTO
coequHeHus. CMOJIbI MPEACTABISAIOT COOOW OJMIroMephbl WM WHIANBUAYAIbHBIE HU3-
KOMOJIEKYJIIPHBIE MPOAYKTHI, IIPEBPALIAOIINECS B MPOLIECCE OTBEPIKIACHUSA B DIIOK-

CUIHbIE cuuThie onumepsl [1, 4]. OcHOBHOE BHUMaHUE HEOOXOIUMO OOpaTUTh Ha
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KOMITO3UTBl HA OCHOBE 3IMOKCHIHBIX CMOJI, T.K. BBEJICHUE B MOJHMMEPHYIO MATPUILY
BCIIOMOT'aTEJIbHBIX KOMIIOHEHTOB (HAIOJHUTENEH) MO3BOJISIET YCTPAHUTh €€ HENo-
cTaTkd. B kayecTBe HamoJHUTENEH MOTYT BBICTYIIAaTh CTEKJISIHHBIEC C(ephbl U BOJIOKHA,
yIAEpOAHbIE HAHOCTPYKTYPHI U Jip. K yriepoaHbiM HAHOCTPYKTypaM OTHOCAT (yJi-
nepeH, rpadeH, HaHorpadur, yraepoansie HaHOTPYOKHU (YHT), yriepoanbie BOJIOK-
Ha. BBeneHHe MaHHBIX HAHOCTPYKTYpP B IMOJMMEPHYIO MATpUIly MO3BOJSIOT CyIle-
CTBEHHO YJYUYLIUTh €€ IKCIUTyaTallMOHHbIE XapakTepucTuku. OCHOBHas mpoodiema,
KOTOpasi BOZHUKAET NMPU HAHOMOAU(PUIIMPOBAHUU — 3TO 00ECIIedYeHEe PAaBHOMEPHOIO
pactpenenenuss YHT B maTpuue, Tak Kak NPUCYTCTBYIOIIME B HEH arjaoMeparsl
HAaHOCTPYKTYpP MOT'YT CTaTh KOHUEHTPATOPOM HANPSLKEHUM M yXyAIIaT MPOYHOCTHBIE
XapakTepucTUku Komno3ura [2,3]. [IpobGiema BeiOOpa cioco0a BBEAECHUS U PEXKUM-
HBIX NapaMeTpOB peajv3alii Ipolecca paclupenesieHuss HAaHOCTPYKTYp B 0ObeMe
MOJIMMEPHON MaTPULIbI ABIIIOTCA JOCTATOYHO AKTYaIbHBIMHU.

B nanHoit paboTe u3ydeH crnocod BBEEHUSI HAHOCTPYKTYP - MHOTOCJIOWHBIX yT-
nepoaHbix HaHOTPYOok cepun «Taynur» (OOO HanoTexllentp, r. TambOoB) [4] B
AMOKCUIIHYIO cMoity DJ1-22. JIyig MeXaHW4ecKoro pacipesesieHnss HaHOCTPYKTYp HUcC-
moyib30BaM  jaboparopHerii  romorenm3atop (HG-15A-set-a) (OO0  "]IB-
OKCIIEPT", Poccust), OCHOBHBIM 3JIEMEHTOM KOTOPOTO SIBJSIETCS 3aKPEIUICHHBIN Ha
IITaTUBE BOJHOBOJ (poTop-cTatop). [is olieHKH pacmpenerneHus HaHOCTPYKTYp B
oOpasie SMOKCHIHONH CMOJIBI HCITOJIB30BaJIM ONTHUeCKHid MuKpockon («HaOmoma-
TenbHbIe puOophl», CankT-IleTepOypr). YBenuuenue nprubopa HE MO3BOJSET OIpe-
JENUTh pa3Mep OTAEIbHBIX HAHOTPYOOK, HO MO3BOJISIET U3MEPUTH Pa3Mephl arjiome-
patoB YHT, npucyrcTByronux B oopasiie.

briu conocTaBiieHbl JaHHbBIE UCCIENOBaHMs 00pasiia HaHOMOU(DUITUPOBAHHOM
CMOJIBI, TIOJYYEHHOTO B PE3yJbTaTe MHTEHCUBHOTIO W MPOJOJIKUTEIBHOTO PYYHOIO
nepemermmBanus YHT (0,25 r) u 3/1-22 (100 1) ¢ oOpasiamu, MOIy4eHHBIMH B pe-
3ynbrare romorenusanuu (2500 u 5000 06/mun) cuctemsl «YHT- snokcuaHas cMo-
na». BpeMst romorenuzanuu BapbupoBaiu 2-10 MmunyT. B kaxknom oOpasiie ooHapy-
xKuBamu 1 u3Mepsu 10 10-15 Hanbosiee KPYMHBIX arjoOMepaTOB U BBHIYUCIISIIIN CPE/I-

HUul pasmep (MkMm). [lomydeHHbIEe aHHbIE TUArHOCTHKU BCEX OOpa3lioB IMO3BOJIUIM
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OLICHUTH BIIMSHUE BPEMEHU 0OpaOOTKM UCCIIEyeMON CHCTEMOW M 4acTOTHI Bpalie-
HUsI pOTOpA HA CpenHMM pasMmep arsoMmeparoB YHT, oCHOBHBIE pe3ynbTaThl IpeEa-

CTaBJICHBI Ha pHUC. 1
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Puc. 1. Bnusinue BpemeHn 00pabOTKH U 4acCTOThI BPAIICHHS POTOpa HA CPeTHUN

pasmep arnomeparoB YHT.

AHaJIN3 MOJYYEHHBIX PE3yJIbTATOB MOKa3ad, YTO MPHU YBEJIWYECHHH BPEMEHU
00paboOTKH C YepeJOoBaHUEM YacTOThl 0OOPOTOB MPOUCXOIUT MOCTEIEHHOE JTUCIIEep-
rupoBanue ariiomeparoB YHT, mpucyrcTByrommx B 3MOKCUIHOW cMoie. OTHOCH-
TeIbHO d(PPEKTUBHOE TUCTIEPTUPOBAHUE HAOIIIOIACTCS B TEUCHUE MTEPBIX 4-6 MUHYT,
MOCJIE€ Yero HaHOCTPYKTYpPbl BHOBb HAUMHAIOT KOAryJIUpPOBaTh, BOZMOXKHO H3-3a Iie-
perpeBa oOpabarbiBaemoit cuctembl. C 1enbpio Hawnydiiero pacnpenenenus YHT B
SIOKCUIHOW CMOJIE JAHHBIM CIIOCOOOM B JAJbHEUIINX HCCIIEIOBAHUIX HEOOXOIUMO

MPEYCMOTPETh OXJIAKAAIOIINI KOHTYP.

Cnucok aureparypsl
1. O mexaHu3Me YCUJICHUS ATOKCUIHBIX CMOJI YIJIEPOAHBIMU HAHOTPYOKa-
mu / B.A. boraros, C.B. Kongpamos, U.A. Maucyposa, B.T. Munakos, 11.B. Anom-
kuH // Bce maTepuanbl. DHIMKIonenuueckuii cnpaBouynuk. — 2012, — Ne 4, — C. 7-11.
2. [TomumepHbI KOMIIO3MLIMOHHBIA MaTepuall Ha OCHOBE JIOKCUIHOU

CMOJIbI, YIPOUYHEHHBII MHOTOCIOMHBIMH YTJIEpOAHBIMUA HaHOTpyOkamu / A.FO. Or-
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THE PROCESS OF MODIFYING EPOXY RESINS
WITH CARBON NANOTUBES

ABSTRACT
The method of introduction of carbon nanotubes into epoxy resins by mechani-
cal dispersion with a homogenizer (HG-15A-set-a) and the influence of the modes of
introduction of nanostructures on their distribution in the epoxy resin were studied.

Keywords: carbon nanotubes; epoxy resin; homogenizer; nanostructures.
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AHHOTAIUA

B cratpe paccMarpuBaroTCs BOIIPOCHI MOBBIIIEHHUS MPOYHOCTH IIPU MEKCIIOM-
HOM CJIBUT€ IyT€M BBIPAIIMBAHMS HAHOTPYOOK Ha YTJIEPOJHBIX BOJOKHAX HAIOJIHU-
TEJIEW Mepes MPOIMUTKON CBI3YIOIINM, KAK aJbTEPHATHBA CYIIECTBYIOIIUM METOAAM
pelIeHus 3ToM 3a1aun. PaccMaTpuBaeTCs TEXHOJOTUYECKUN TPOLECC BbIPAIIUBAHMS,
PEXUMBI U YCIIOBHUsI, KOTOPBIE €r0 CONMPOBOXKAAIOT. [lomyyeHHbIE DKCIEpUMEHTATb-
HBIE PE3yJIbTaThl COMPOBOXKAAIOTCS WIUIIOCTPATUBHBIMUA MaTe€pUallaMH, MOTYyYECHHBI-
MU C ITIOMOIIBK CKaHUPYIOIIETO 3JEKTPOHHOTO MUKpOcKoma. Caenansl BBIBOJIBI, YTO
onaronapsi cunte3y YHT HemocpencTBEHHO Ha BOJOKHAX M MX PaBHOMEPHOMY pac-
IIPEAEICHUIO TIPOUCXOIUT JONOJHUTEIBHOE apPMUPOBAHUE KOMIIO3ULIMOHHOTO MaTe-
puaa, 4To B CBOIO OUY€pe/lb, TOJDKHO CIIOCOOCTBOBATH MOBBILICHUIO MPOYHOCTH MPH
MEKCJIOMHOM CJIBUTE.

Kuarwuessie cioBa: YHT; yrinepoaHbsie BOJIOKHA; KOMIO3ULIMOHHBIA MAaTEPHUA;

IMPOYHOCTD TP MECKCIIOCBOM CJBUIC.

CGFOI[HH KOMIIO3MIIMOHHBIC MaTCpHaJibl BCC OoJIbIIIE BHCAPAOTCA B IIPOU3BOI-

CTBO M3JAEIUN adPOKOCMHUYECKON TeXHUKH [1—-3]. [IpUunHBI 3TOrO CBSI3aHbI C U3BECT-
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HBIMH JIOCTOMHCTBAMHU KOMIIO3ULMOHHBIX MaTEPHAIIOB, CPEIN KOTOPBIX IMOJYEPKHEM
CHM)KEHUE MACCOBBIX XapaKTEPUCTHK KOHCTPYKUMH, BBICOKYIO IMPOYHOCTh M KECT-
KOCTb.

OpnHako, HECMOTpPSL HA OYEBUIHBIE NMPEUMYILECTBA, Y TaHHBIX MATEPUAJIOB €CTh
U psan QakToOpoB, KOTOPBIE CAECPKUBAIOT UX BHEAPEHHUE, peyb HUJIET O HEBBICOKOU
NPOYHOCTH TPU MEXKCIONHOM caBure. B psane paboT ObutM NpeanpUHSITHI MOMBITKA
YCTPaHUTh JAHHBIM HEJOCTATOK, TAaK, B YACTHOCTH, 3TO OCYIIECTBISJIOCH ITyTEM M3-
MEHEHUsI MUKpopebeda MOBEPXHOCTH BOJIOKOH [4], MOBBILICHUS aiT€3UN MEXKITY BO-
JIOKHAMHM M MATPULEH, BKJIIOYass HAHECEHUE aIlpPeToB [S5], METAIIM3alueld BOJIOKOH
[6], KOTOpasi, B YaCTHOCTH, IOBBIIIAET CONPOTUBJIEHNE MEKCIOMHOMY cABUTY Ha 20
%. B kauecTBe anbTEpHATUBHOTO PEIICHUS B JAaHHOU paboTe C 1IeJIbI0 pOCTa MPOYHO-
CTH IIPU MEXCIOMHOM CABUIE pacCMaTPUBAETCS BhIpAILIMBAHHE HAHOTPYOOK Ha yrie-
POJHBIX BOJIOKHAxX HAIOJHUTEIEH Iepel MPONMUTKOW cBsa3yromuM. Huxe paccmor-
PUM pe3ynbTaThl 3KCIEPUMEHTAIBHOIO MCCIIEN0BaHus MO BelpamuBannio YHT, ko-
TOPBIE BBIPAIIUBAINCH HA CYXOW POBHHTOBOW YIVIEPOJHOM TKAHW Cap:KEBOTO ILIETE-
uus (tuma Twill mapku: 3K, 2 x 2 Twill Weave Carbon Fiber Fabric, 5.7 Oz/Sq Yd,
50" Wide, .012" Thick, a taxxe 3K, 2 x 2 Twill Weave) (puc. 1, A).

BreipamuBanue YHT Ha yraepoaHbIX BOJIOKHAX ObUIO MPOBEAEHO C UCIOIB30-
BaHMEeM MeToja nupoiu3a ra3oB (CVD-mporecc). Tkanb nponuTany pacTBOPOM Ka-
TAJIN3aTOpa U MOJBEPIIN HArPEBY B peakTope mpu Temmneparype 650 °Cu aTMocdep-
HOM JIaBJICHWU JUJIS 3aKpEIUICHUs KaTajlu3aTopa Ha MOBEPXHOCTH BOJIOKOH. st mpo-
BEJICHUS Tpoliecca B peakTop ObLI 3amoyiHeH BojgopoaoM (Hy) Ha 2 MuHyTHI 1u1s 3a-
KpEIJICHUsI KaTalu3aTopa, a 3aTeM IpoIaH-0yTaHOBOW CMECHIO JIJIsi 0OecreueHus po-
cta YHT. Jlnsa xoutposns nmuasl YHT pacxon raza cHU»Kamics Takum o0pa3oM, 9TOObI
poct bl YHT CHUKANCSA ¢ MAKCHMAIBHOM CKOPOCTH 2 UM ceK — 110 ~ 0,3 UM cek’

', a 3a Bpems pocta 0.5 + 5 MuH mHa cocramia 10 = 100 M.
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A Jo seipawmsanns YHT B Ilocac supaumsarnmn YHT

Puc. 1. I300paxkeHus yriaeTKkaHu, UCIIOJIb3yEMON MPHU MPOU3BOJICTBE JJaMUHATA,
C MOMOIIBI0 CKAHUPYENIEro EKTPoHHOTO MUKpockomna (COM): (A) 6e3 YHT; (B) c
YHT, BpIpamieHHbIMH O PaanyCy Ha IOBEPXHOCTH BOJIOKHA, & TAKXKE OTACIbHBIC
BOJIOKHA, MOKpeIThie YHT. Pa3spemenue Ha HuxHUX n3oopaxkeHusx A u B ~ 20 pm;
(C) orcyrcrBue YHT Ha Heckosibkux BosiokHax B npsinv YHT, BeIpaliieHHbIe HA BO-
JIOKHaX OBUIM H3YYEHBl C IMOMOIIBI0 CKAaHHPYIOIIETO 3JEKTPOHHOTO MHKPOCKOIA
(COM). Pa3nuiy BosnokoH 10 u nocie HaHeceHust Y HT moxxHo HabmonaTh, CpaBHU-
Basg puc. 1, Au 1, B.

Nzyuenne COM-u300pakeHull MoKas3ajio, YTO Ha BHEIIHUX MOBEPXHOCTSX pac-
npeneneHue YHT ObU10 paBHOMEPHBIM, 33 UCKIIOUCHUEM KpallHUX PSAOB TKaHU, T/IE
TKaHb UMeeT noBpexaeHus. [1oaToMy npu M3roToBiIeHUH 0Opa3LOB JAMHHATOB IO-
BpeXJIeHHbIe yyacTKu Obutn ynanensl. uamerp YHT u paBHOMEpHOCTH MX pacipe-
JEJEHUS OLUEHUBAIKNCH C MOMOILIBI MPOCBEYMBAKOLIETO AIEKTPOHHOTO MHUKPOCKONA
(ITBM). beuio ycranoneno, uto YHT paBHOMEPHO U TUIOTHO POCIH B pagHaIbHOM
HaIpaBJICHUU Ha MOBEPXHOCTU KAXKIOTO OTIEIBHOrO BOJIOKHA B TKaHu (puc. 1, B,
BHU3Y). AHanu3 MHorocioiHoro [IOM-doto mokazan, uto YHT, BeipaiiieHHbIle Ha
BOJIOKHAX, UMEIOT BHEIIHMM auameTp ~ 17 + 2 HM U 8 KOHIEHTpH4YecKuX ciioes. Mc-

cinenoBanue cmaunBaemoct YHT TepMopeakTUBHON MOJMA(PUPHON CMOJION MOKa3a-
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710, yTo YHT nerko nmponuTeIBarOTCS TAKUMH MOJIMMEPAMU KAMWUIAPHBIM METOJIOM

[7], u uto aare3us mexny YHT u peakToruiacTom co3gaeT mpoUHbIA KOMIIO3UT.
Takum oOpazom, 6marogaps cuntedy YHT HemocpeacTBeHHO Ha BOJIOKHAX M UX

PABHOMEPHOMY PACIPEIEICHUIO MTPOUCXOINUT JOMOJIHUTEIBHOE apMUPOBAHUE KOM-

IMO3NIINOHHOI'O MaTCpHraja.
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PROSPECTS FOR GROWING NANOTUBES ON CARBON FIBERS

ABSTRACT

The article discusses the issues of increasing the strength during interlayer shear
by growing nanotubes on carbon fibers of fillers before impregnation with a binder,
as an alternative to the existing methods for solving this problem. The technological
process of growing, modes and conditions that accompany it are considered. The ex-
perimental results obtained are accompanied by illustrative materials obtained using a
scanning electron microscope. It is concluded that due to the synthesis of CNTs di-
rectly on the fibers and their uniform distribution, additional reinforcement of the
composite material occurs, which in turn should contribute to an increase in the
strength during interlayer shear.

Keywords: CNTs; carbon fibers; composite material; interlayer shear strength.
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AHHOTAIUA

B pabote npejcTaBieHO BIMSAHUE YMEPEHHOTO OTXKHUTa B BaKyymMe HJIM Ha BO3-
JIyXe Ha CTPYKTYpPHOE YIOpsIOYeHHE M MOP(OJOTHUIO KpaeB TOHKOAMCIEPCHBIX
HaHocTpykTyp rpadura (GNFS). Mogudukamus oTkpeiThix kpacB GNFS npu oTxkure
M3y4yajaach C MOMOIIbK MPOCBEUUBAIOIICH 3JIEKTPOHHOM MHUKPOCKONHH BBICOKOTO
paspemuienus (HRTEM) u nsymepnoro ®@ypne-ananuza (2D-FFT) uzo6paxenuii. O6-
Hapy)XeHa KOPPEeJAlMs MEXIYy HHTEHCUBHOCThIO MakcumyMma (101) moporikoBoit
PEHTI€HOBCKOM audpakrorpaMMmbl U ImupuHod wMakcumymoB FFT HRTEM-
n3zo6paxennii kpaeB GNFS B a3umMyTaibHOM HaNpaBJICHUH.

KiroueBble ciaoBa: rpaduT; OTKHUI;, CTPYKTypa C OTKPBITBIMH KpasMu;

HRTEM.

Hanouwactuipsl rpaduta (GNF) npeactaBisior co0oii CBA3aHHBIC KOHTIIOMEPATHI
13 OTJEIBHBIX JUCTOB Tpad)eHa M XapaKTePU3YIOTCS HAIMYUEM Pa3InIHBIX Je(EKTOB
KaK Ha KPaeBBbIX TMOBEPXHOCTSIX, TaK U B 0a3UCHOM MIIOCKOCTH. OTKPBITHIE Kpasi Tpa-
¢duTa 00AAIOT JIYUIIUMH JICKTPO- U (PU3UKO-XUMUYECKUMU CBOMCTBAMU, HEKEIH
CTPYKTYPBI CO CKJIaJIKAMU WJIU 3aKPBITBIMU KpasmHu. [lokazaHo, 4To nedeKkTHbIe U 3a-

rpsi3HEHHBIE Kpas TpadeHa TepMHUYECKH HECTAaOWJIbHBI M B MPUHITUIIE MOTYT OBITh
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npeoOpa3oBaHbl B pekoHCTpyupoBanHbie [1, 2]. [lpocBeumBaromas 31€KTPOHHAS
Mukpockorua (ITOM) sBnseTcs OCHOBHBIM 3KCIEPUMEHTAIBHBIM IMOAXOAOM, HC-
MOJIb30BAaHHBIM B 3TUX HCCienoBaHUsIX. OJHAKO HM3y4YEHUE OTKPBITHIX KPaeB U MX
Moau(UKaIMii B pa3IMUHbIX YCIOBUAX 3ala3/bIBaeT, TTIaBHBIM 00pa3oM, U3-3a Tpy/I-
HOCTEH B JOCTUKEHUU MUKPOCKOITMYECKOTO pa3pelieHust Ha OTKPHITHIX Kpasx GNFS.

B nanHo#t paboTe HaHOpa3MepHbIE YacTUllbl TpaduTa ObUIM MOJIYYEHBI U3 00b-
€MHOT'0 BBICOKOOPHEHTUPOBAHHOTO MUPOIUTUYECKOTO TpaduTa MyTEM JIUTEIBHOTO
nepemMaibiBaHus B aTMOC(epe YHCTOrO aproHa, Mocje Yero OHU OTKUTauCh npu 1’ =
670 K B Teuenue 24 yacoB 1100 B BaKyyMe, TM00 Ha BO3/IyXeE.

[Toxazano (puc. 1), 9TO OTXKUT HA BO3AyXE MPUBOJUT K CY>KEHHUIO MAaKCHUMYMOB
(002) u (004) u k 3aMeTHOMY YMEHBIIIEHUIO MHTEHCUBHOCTU peduiekca (101), yTo
CBUJIETENBCTBYET O COBEPUIEHCTBOBAHUHU CTPYKTYpPbl UCXOJHOr0 Marepuana. Hampo-
TUB, BAKYYMHBIN OT’KUT BBI3BIBACT JIErpafalllio KpUCTAIUIMUECKON CTpyKTyphl. Ha To

K€ YKa3bIBalOT U3MEHEHHU B MMpuHE nudpakimonHoro makcumyma (002) oo6pasios.

T T T T T

0.040 H E
: As-prepared b
Air-annealed

0.035 1 Vacuum annealed ]

0,030 H

0,025

0.020

0,015

Intensity (arb. un.)

0.010

0,005

0.000 e ik
25 30 35 40 45 50 55 60

26 (degrees)

Puc. 1. a) COM-u3zo0pakeHre MOJArOTOBIECHHBIX HAHOYACTHI] Tpadura mociue
oTXHura B Bakyyme, 0) ITopoikoBbie pEeHTTEHOBCKUE NUPPAKTOrPAMMBbI, HOPMHUPO-
BaHHBIE HA MHTETPaJbHYI0 MHTEHCUBHOCTh MakcuMyma (002), cBeKenpHUroTOBIECH-
HBIX, OTOXKEHHBIX B BaKyymMe W Ha Bo3ayxe oOpasmnoB. Momuduxarus nuka XRD

(101) B yBenuueHHOM MaciTabe OKa3aHa Ha BCTABKE.

Mopdonorus oTkpbIThix KpacB GNFS MeHsieTcs kak npu OTKHUre B BAKyyMe, Tak
M Ha BO3ayXe. bbuio 0OHApY»KEHO, YTO ABE BEJIMYMHBI MPETEpIed 3HAYUTEIbHbIC

M3MEHEHUS TP OTXKUTE: TUKOBAasi HHTEHCUBHOCTHh MakcuMmyMa (101) Ha mopomkoBoi
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pertreHorpamme u mmpuHa makcumyma 2D-FFT ot HRTEM-u3o6paxenus xpaes

yenryek (puc. 2).

As prepared

Puc. 2. HeoOpaboranubie uzo0paxenuss TEM ¢ BbicokuM pasperieHuem (Bepx-
Hull psn) u pe3ynbtaTel 2D-FFT oTkpeIThIX KpaeBbix obnacteit GNF, 0603HaueHHBIX
KPAaCHBIMU TMOJSIMU (HIDKHUN PSIT) UCXOAHBIX 0Opa3IoB (JIeBasi KOJOHKA), OTOXOKeE-
HBIX Ha BO3JyXe (CpeaHsis KOJOHKA) U B BakyyMe (mpaBas kKoyioHKa). Ha BcTaBkax k
HRTEM-u300paxenusiM noka3zaHbl yBeIUYEHHbIE 00JaCTH MOcie GUIbTpALMK ¢ 00-
patHeiM FFT, a Ha BcTaBkax Kk rpadukam asymepHoro FFT mpexncraBieHsl B 607b-

IeM maciirade MaKCHUMYMBI, 0003HaYCHHEIC IMYHKTUPHBIMHA JIMHUAMMU.

1
afl
(

Yacuum-
annealed

s
[
i
q 50
D]

as-prepared

ini
—
¥

11" (arb. un.)

air-annealed
v
E
'

0 i i " A 1 " A " " i i " i
0.000 0.025 0.050 0.075

HRTEM FFT width (nm™)

Puc. 3. I'paduk koppensiiiuu MeXIy HHTETPaJbHOM WHTEHCHUBHOCTHIO IHKA
(101) pentreHoBcko#l audpakTorpaMMbl U MUPUHBI Makcumyma FFT uzo0pakenus
HRTEM nns o0pa3ioB ucCXoJHOro oOpaslla HaHo4acTull rpadura, a Takke

OTOXIKCHHOI'O B BAKYYMC M Ha BO3AYyXC. HpHMa}I JIMHHUA — OPUCHTHUD AJIA TJ1as.
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CormacHo puc. 3, IBE 3TH BEJIMYHUHBI HAIPSIMYIO KOPPEIUPYIOT APYr € APYroM
[3], uTO, Ha HaII B3IJIAJ, YKa3bIBA€T HA TOT (DAaKT, YTO U3MEHEHUS MHTEHCHUBHOCTU
pentreHoBckoro makcumyma (101) oGycnoBieHa moaudukameit KpaeBbIx MOBEPX-

HOCTEH HaHOYACTHI TpaduTa MpHu NMPOoIeaypax OTKHUTA.

Cnucok aureparypsl

1. Electrochemistry of the basal plane versus edge plane of graphite revisit-
ed / M. Velick'y, P. S. Toth, C. R. Woods, K. S. Novoselov, R. A. W. Dryfe // J.
Phys. Chem. C, 2019, V. 123 (18), pp. 11677-11685.

2. Temperature dependence of the reconstruction of zigzag edges in gra-
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land, J.H. Warner // ACS Nano, 2015, 9, pp. 4786-4795.

3. Observation of Persistent Currents in Finely Dispersed Pyrolytic Graph-
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V. Yusupov // JETP Letters, 2018, V. 107(1), pp. 37 —41.

OPEN EDGE STRUCTURE MODIFICATION OF THE GRAPHITE
NANOFLAKES UNDER MILD ANNEALING

ABSTRACT

The paper presents an effect of mild annealing in vacuum or in the air on struc-
tural ordering and edge morphology of finely dispersed graphite nanoflakes (GNFs).
Modification of the GNFs open edges with annealing was studied with high-
resolution transmission electron microscopy (HRTEM) and two-dimensional Fourier
analysis (2D-FFT) of the images. Correlation is found between the intensity of the
(101) powder X-ray diffraction (XRD) maximum and the width along the graphite
planes of the FFT maxima of the HRTEM images of GNFs edges.

Keywords: graphite; annealing; open edge structure; HRTEM.
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AHHOTAIUA
PaccmoTpeHs! anekTpodu3ndecke XapakTepUCTUKA HAHOKJIACTEPHBIX CTPYKTYpP U
MEXaHU3MBbI DJIEKTPOIPOBOAUMOCTA B 3aBUCHUMOCTH OT TOIIOJIOTHMH JTHUX CTPYKTYD.
IIpoananu3npoBaHbl KBAaHTOBBIE CBOMCTBA M CTaTUCTHKA CBETa, PU BO3OYXKIIEHUHU K-
CUTOH-TIOJIIPUTOHHBIX COCTOSIHUKA B 1D-MUKpOpe3oHaTOpax B acleKTe CO3JaHus dJie-
MEHTHOU 0a3bl 1 1 poBoro cyBepeHurera Poccun.
KiroueBble cji0Ba: 3JeKTpOPU3UKA TOMOJIOTMYECKUX CTPYKTYP; OKCHUTOH-

IMOJIAPUTOHHBIC COCTOAHUS; KBAHTOBAA CTATUCTHUKA.
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B nannoit pabote, BO-TIepBbIX, ObUIM HCCIEIOBAaHBI B 3KCIIEPUMEHTE U TEOPHU
ANEKTPOPU3NUECKHE  XAPAKTEPUCTUKU  HAHOKJIACTEPHBIX  CTPYKTYpP/OCTPOBKOBBIX
HAHOIUIEHOK C Pa3HOW TOIOJIOTUEN HA TBEPABIX MOBEPXHOCTSX, NHAYLUPOBAHHBIX MTPH
Ja3epHOM BozzercTBrH (cp. ¢ [1]).

PerynupoBanue 31eKTpONpPOBOAMMOCTBIO B TaKMX TONOJIOIMYECKUX CTPYKTYpax
UMeeT 0co00€e 3HaYEHHUE JUIsl ONPEAEIICHUS TPEH1a U TEHJEHLUI K BO3MOKHOMY CBEpX-
IIPOBOJALLIEMY COCTOSIHHIO. {151 TOHKOTO CJIOSi METajula U JiIsl MAJIbIX ITPaHyJIUpOBaH-
HBIX YacCTHI[ 3[I€Cb MMEETCS aHAJIOIWs, HalpUMep, ¢ METAUIaMU CO 3HAYUTEIIbHBIM
CUJIbHBIM O€CIOpsAKOM, KOTAa AJIs JIEIOKATM30BaHHBIX AJIEKTPOHOB MOXKET BO3HUKATh
CUJIbHOE 3JIEKTPOH-(DOHOHHOE B3aMMOJICHCTBUE, NPUBOJSAIICE K CBA3AHHBIM KYIEpOB-
CKHUM Mapam (CM., Harpumep, [2]), B HaIlleM ciydae — n3-3a TOMOJIOTHH.

Bo-BTOpBIX, TEOPETHUECKU PACCMOTPEHBI KBAHTOBBIE CBOMCTBA CBETA, B3aMMO/ICH-
CTBYIOIIIETO C HEJTMHEWHOW HEOJHOPOJHOM Cpelioil mpu Bo30Y>KICHUHU B HEW HKCUTOH-
IOJIIPUTOHHBIX COCTOSIHHUH, (dopmupyeMbIX B HU3KOPA3MEPHBIX
1D-MHUKpOpPE30HATOPHBIX HOJTYTTPOBOTHUKOBBIX cucTeMax pa3InYHON
KOH(UTYpaluy — CTOJIOHOBBIX MUKPOPE30HATOPaX U MUKPONPOBOJaX. AKIUEHT CAeNaH
Ha CTaTHCTUYECKOM ONMCAHWM KBAaHTOBOT'O ITOBEJIECHUS WU3IyYEHHsI, KOTOPOE MO3BOJISET
pa3pabaTbiBaTh UCTOYHUKH OJIMHOYHBIX (DOTOHOB B (POKOBCKOM COCTOSTHHH, OCHOBaH-
HbIE€ Ha HEKJIACCUYECKOW CTaTUCTHUKE.

Takue sneMEeHTbl UMEIOT NMEPCNEKTUBY U MPUIIOKEHUM B 3aJadaX KBAHTOBOU
MH(POPMATUKU U KpUNTOrpauy Ha OCHOBE OTEUECTBEHHOW 3JIEMEHTHOM 0a3bl 1ugpo-
BBIX YCTPOWCTB.

JUis mony4deHHs MOJTyNPOBOAHUKOBBIX HAHOCTPYKTYPHUPOBAHHBIX TOHKOIUIEHOY-
HBIX KJIACTEPHBIX CTPYKTYpP HaMH OCYIIECTBIISUIOCH BO3JEHCTBHE HA AMMTAKCHAIBHBIE
cTpykTypbl PbTe co cTopoHBI MIeHKH TeLTypra CBUHIA HETIPEPHIBHBIM J1a3€PHBIM H3-
JIydeHHeM ¢ MOLIHOCTEIO 5 — 10 BT (410 cooTBeTcTBYyeT MHTEeHCHBHOCTH 105 Br/cM?)
MIPU CKaHUPOBAHUM JIA3€pHOro mydka guamerpoM 30 MKM co ckopocTbio 80 MKM/C 1O
ONPENIETIEHHON TPACKTOPHUU.

OTH KJIaCTEpHBIE HAHOCTPYKTYPBI PA3HOIO THUIA UCCIEIO0BAINCH C UCIOIb30BAHU-

em POM Quanta 200 3D u 30H70B0#1 HaHoNaboparopun Murerpa-Aypa. JleranbHbie uc-
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CJIEZIOBAaHUS NIOJYYEHHBIX HAHOIIEHOK, BBITIOJIHEHHBIE C TIOMOLIBI0 HHCTPYMEHTOB Cpe-
161 MATLAB, npoieMOHCTpUpOBaIH UX (PPaKTATLHYIO PUPOTY.

Pacuer ¢paxTanbHOIl pazMepHOCTH, TPOBEACHHBII METOIOM boxcounting [3], mo3-
BOJIMJI COOTHECTU OCTPOBKHA HAHOCTPYKTYPHPOBAHHBIX TOHKOIUIEHOYHBIX KIJIACTEPHBIX
CTPYKTYp C W3BECTHbIMHM (paKTajJaMH M IO0Ka3aj, YTO B OCHOBHOM HX (opma Ha
HauyalbHBIX JTarax oIpeneisyiach OPOYHOBCKUM JBH)KEHHUEM, KOTOPOE C TeUECHUEM
BpPEMEHH MPUBOAMUIIO K JCHIPUTHBIM 00bEKTaM ¢ 00pa30BaHHEM B UTOTE MEPKOJISAIIUOH-
HOU cTpyKTypbl. KpoMme (ppakTanmbHBIX CTPYKTYp Takxke ObUTH MOTy4eHBI JaOMPUHTHBIC
OCTPOBKOBBIE IUICHKH, (OPMUPYIOIIMECS MPH Oojee UIUTEIbHOM JIa3epHOM BO3JIEH-
CTBHH.

JlaHHBIE CTPYKTYpbI ObUIM MCCIEIOBAHBI HAMH HA 3JEKTPONPOBOJUMOCTb, U OHU
MIPOAEMOHCTPUPOBAIIN PA3HBIE €€ PEKHUMBI B 3aBUCUMOCTH OT YCJIOBHM 3KCIEPUMEHTA
(cp. ¢ [4]).

Jns ux aHanuza Oblia pa3paboTaHa MOJENb 3JIEKTPOIPOBOJIUMOCTH, PEATU3YIO-
11ast OLIEHKY BOJIbTaMIEpPHBIX xapakrepucTuk (BAX) ¢ yuerom TyHHenMpoBaHUA (Cp. C
[5]) ¥ IPBIKKOB AJIEKTPOHOB MEXKIY OCTPOBKaMHU (cp. ¢ [6]).

JIOpoXkKa IPOBOAMMOCTH MEXIy OCTPOBKAMHU ONPEAEIUIach IO aJrOPUTMY
JIMUAKCTPBI U1l JEHAPUTOBBIX HAHOCTPYKTYP, KaK KpaTdaullee pAacCTOSHUE C MHUHU-
MaJIbHbIM BECOM Ha ceTke Muiuiepa — AOpaxamca Ha OCHOBE CITy4YailHOTO B3BEIIEHHOT'O
rpada [6].

Ha puc. 1 noka3ana peanusanys npeiokeHHOro noaxoa 1jist o0pasiia HaHOKJIa-
CTepHO#/ocTpoBKOBOM TieHkH PbTe. CMoaemupoBaHHas CTPYKTypa OblLIa pealn30oBaHa
B pamkax DLA-dpakrana (quddy3rnonHo-orpannyeHHoi arperanun) aiast KA (knerou-
HBII aBTOMAT) C OKPECTHOCTHIO (hoH HeliMana mpu BapbUpOBaHUH BETUYUHBI TIPUITAIIA-
Hus (cronkHoBeHMs yacTuil) ot 1 10 0.01.

IIpoBeneHHOE CpaBHEHHE C BBITIOJHEHHBIM 3KCIIEPUMEHTOM [4] MOKa3bIBAET yIO-
BJICTBOPUTENBHYIO CTENEHb COBMAJCHHS JAHHBIX MOACTUPOBAHUS C AHKCIEPHUMEHTAIIb-
HBIMHM pe3yJibTaTaMH, B T.4. U MPHU 3HAYUTEIIbHBIX CKAYKaX BEIMYUHBI 3JIEKTPOCOIPO-
TUBJICHUSL.

Takum 00pa3oM, UCIOJIL30BaHUE MOJIENH HJIEKTPONPOBOIMMOCTH Ha OCHOBE (HOp-

MHUPOBaHUS KJIACTEPOB MPOBOJAUMOCTHU (PPAKTAILHOTO TUIIA, COBMEIIEHHOM C MOIX0A0M
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MPBDKKOBOM MPOBOJIMMOCTH MEXAY OCTPOBKaMHU-KJIacTepamH, IMO3BOJISIET OMHUCHIBATH
AKCIIEPUMEHTAJILHO HAOJI0jaeMble  SIBJIGHUS JUUISI Pa3HOTO COCTaBa OCTPOBKOBBIX
HAHOIUICHOK (Au, Ag, nx kKomruiekcoB, PbTe u ap.), 9T0 BayKHO 1151 IPUTOKCHHA.
Mertonamu KBaHTOBBIX (Pa30BBIX MPOCTPAHCTB ObLa pelleHa KBAHTOBAs 3a/ava
JUISL DKCUTOH-TIOJIIPUTOHHON CHCTEMBI, KOTOpas MOJCIMPOBAJIaCh KaK JBa CBSI3aHHBIX
KBAHTOBBIX JTUCCUIATUBHBIX OCIUILIATOpPA. [IpHr 3TOM 0JIMH M3 HUX OB HETMHEHHBIM, a

APYTOi HAXOMIICS TTOJT BHEIIHEH KOTEPEHTHOMH (J1a3epHOi) HaKauKoii [ 7].

1

T
X,

-

v

Es

3

jo 2>

Puc. 1. Cxema monenu: (a) kK kjracrepam/ocTpoBKaM 1 u 7 IOJBEIEHO HANIPSHKEHUE,
TPAEKTOpHUsl JBIKEHUS TOKA MPOXOJUT MO OCTpoBKaM 1-2-4-7, B paMKax OCTpOBKa 2
TpaekTopusi — siuaus AB; (0) cTpykTypa ocTpoBKOBOII MieHKH PbTe B pamkax mozaenu
DLA: k Toukam A,B,C,D noaseaeHo HanpsKEHUE, OTMEUEHBI TPACKTOPUH MTPOTEKAHUS
toka (AB, AC, CD), (1) — TpackTopuu ipbbKKOB npu a < 1 M 1 (2) —mipu @ < 1.5 HM,
(3) — mpu & <2 HM; (B) COOTBETCTBYIOIINH CITydaiHbIl Tpad) ¢ 6 BepIIMHAMU ¥ pedpamu
K JJOCTH)KMMBIM BEPIITMHAM C BBIJICTICHHBIM KPAaTYaNIIIM PAaCCTOSTHHEM MEXTYy TOYKAMH
A,B,C,D; (r) pacuetnast BAX npu ¢=0.3 5B, T=300 K u Benmuune rpanynsl 10 HM 175

ciydasi (1)—a<lumu (2)—a<1.5uMmM,a <2 Hm.
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FEMTONANOPHOTONICS OF TOPOLOGICAL CONTROLLED
LOW-DIMENSIONAL DYNAMIC STRUCTURES INDUCED
BY LASER RADIATION ON THE SURFACE OF SOLIDS
AND IN THIN FILMS: DIGITAL SOVEREIGNTY OF RUSSIA

ABSTRACT

The electrophysical characteristics of nanocluster structures and the mechanisms of
electrical conductivity depending on the topology of these structures are considered. The
quantum properties and statistics of light are analyzed when exciton-polariton states are
excited in 1D microresonators in order to create an element base for the digital sover-
eignty of Russia.

Keywords: electrophysics of topological structures; exciton-polariton states; quan-
tum statistics.
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AHHOTAIIUA

[IpoBeneHBl KOMIUIEKCHBIE HCCIAEAOBAHUS (PU3UKO-XUMUYECKUX IMapaMeTpoOB

yraepoiHbix HaHOTPYOOK «TayHut» m «TayHut-M». Pazpaborana meTouka moiy-

YCHUA SJICKTPOIPOBOAANINX KOMIIOBUTOB Ha OCHOBC XJIOPOIPCHOBOI'O Kay4dyKa, MO-

TUOUITUPOBAHHOTO YTJIEPOJIHBIMU HAHOTPYOKAMHU € pa3audHO PopMoOii pacrosioxke-

HUA rpa)€HOBBIX CIIOEB, KOTOpas HE TPEOYET CIIOKHBIX TEXHOJOTUYECKUX ONEPALIUA.

HOJ’Iy‘-IeHHBIe KOMIIO3UTHI OTJIHNYAalOTCA BBICOKHMMH IIOKAa3aTCIsIMH BHCKTqueCKOﬁ

MIPOBOAUMOCTH 0 102 Cm/cm.

KiroueBble ci10Ba: 3mactomep; KOMIO3UT; YIIEPOIHbIE HAHOTPYOKH, XJI0PO-

PEHOBBIN Kay4dyK; JIEKTPOIPOBOIHOCTb.
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Cpenu M3BECTHBIX HANOJHUTENEH 3IEKTPONPOBOAAIIUX KOMIIO3UTOB Hambosee
MEPCIIEKTUBHBIMU SIBJISIIOTCS YIJIEPOJHBIE HAaHOMATEpHUalbl, TAKUE, KaK yriaepoIHbIC
HaHoTpyOku (YHT), rpaden umu rpadenoBbie HaHormactuubl ([THIIT). B kauectBe
OCHOBBI ISl KOMITO3UTOB TIPUMEHSIOTCS pa3jIMuHbIC ITOJIMMEpPHBIC MaTepraisl [1 — 3].
3a4acTyro CBS3YIOIIUM JJII KOMIIO3UTOB SIBJISIFOTCS 3JacTOMEpHI (Kayuyku), oOsaaa-
IOII[ME BBICOKOW 3JIACTUYHOCTHIO, UTO 0OECTeUnBaeT X MIUPOKUI JUana3oH MpaKTU-
YECKOro MPUMEHEHUs BIUIOThH 10 O0JacTel crenuaibHOro HazHaueHus [4]. Hampu-
Mep, B pabote [5] ObLT MOJIy4eH KOMIIO3UT Ha OCHOBE HATYpalbHOTO KaydyKa, MOJIU-
¢unupoBannelii YHT. ABTopamu ObUIO yCTaHOBIIEHO, YTO J0o0OaBieHue 3 macc. %
YHT 1mo3BOJISIET YBEIMYUTH JJIEKTPUYECKYIO MPOBOJUMOCTb KOMIIO3UTA, JOCTUTas
10" Cm/cm. B pabore [6] nccnenoBany dIeKTPUYECKUE CBOWCTBA KOMIIOZHTOB, H3-
TOTOBJIEHHBIX HAa OCHOBE CHHTETUYECKOIO CTHPOJI-OyTaJMEHOBOIO KaydyKa, MOJIU-
¢unupoannoro ['HIL. IIpu 7 06. % I'HII ynensHOe 06beMHOE CONPOTUBIIEHUE CO-
craBmsuto 10° Omxcwm.

B nanHoM uccnenoBanuu Obuta pa3zpaboTaHa METOAMKA MOJTYYEHHUS JJIEKTPO-
MPOBOASIINX KOMIIO3UTOB, B KAUECTBE OCHOBBI KOTOPBIX MPUMEHSJIICA XJIOPOIPEHO-
BB Kay4yK, MOAU(MUIIMPOBAHHBIII MHOTOCIOWHBIMU YTJIEPOJHBIMA HAHOTPYOKaMu
(MVYHT). beio ycraHoBiieHO, 4TO HauboJiee MEePCHEKTUBHBIM IS TTOTYYCHUS DIICK-
TPOIPOBOIAIIMX 37aCTOMEPOB sABisieTcss npuMeHenne MYHT «Tayaur-M». Ux co-
Nep>KaHue B COCTaBE XJIOPOIPEHOBOTO KaydyKka B KonrdecTBe 9 macc. % IpUBOIUT K
TOJTy9eHHIO KOMITO3UTA C HIEKTPHYESCKON TTPOBOAMMOCTBIO paBHOM 1,6x107 Cwm/cm.
IIpumenss B kauectBe HanosHuTenss MYHT «TayHuT», ynanoce JOCTHYb 3HAYEHUS
AJIEKTPUYECKON MPOBOAUMOCTH PABHOTO 6,54x10% Cm/cm npu 20 macc. % conepxka-
Hust MYHT (puc. 1).

BoisiBIIEHO, YTO 715 OJTYYEHUS SJIEKTPONPOBOASIINX KOMIO3UTOB HEOOXOIUMO
Menbiee konuuectBO MYHT «Taynur-M» B cpaBaennn ¢ MYHT «Taynut». Ilopor
MEPKOJISIUAN  BJIEKTPUYECKON MPOBOJUMOCTH KOMIIO3UTOB, coaepxkammx MYHT
«Taynaut-M» pocturancs npu 1 macc. % ux cogepxkanusi. B To Bpems, Kak 1yl KOM-
no3utoB, cojuepxamux MYHT «TayHut», mopor nepkojsuuu aocturaica mnpu 10

macc. %.

242



—0O— XK/MYHT "TayHut"
—A— XK/IMYHT "TayHut-M"

10°
101 O
102 —
10
10*
10°
10
107
108
10°
c 1070
Q_lo-ll
10-12
(% 1018
10-14
10-15
10_16 v T T T T T T T T T T T T T T T T T T T T T T T
0O 2 4 6 8 10 12 14 16 18 20 22

MaccoBoe cogepxaHue HanonHutens, macc.%

0NpoBOJHOCTb, CM/CM

eKT

Puc. 1. DneKTponpoBOJHOCTh KOMIIO3UTOB Ha OCHOBE XJIOPOIIPEHOBOTO Kaydy-

ka, Mmoauduimpoannoro MYHT.

*Uccnedosanue 6vinoneHo npu QuuHancogoti noooepacke Ynpasienus oopaszo-
ganus u Hayku Tambosckoti obracmu u KOOPOUHAYUOHHO20 CO8ema NO BONPOCAM
gbicule2o 0Opazosanus u Hayku. «I panm 05 NOOOEPHCKU NPUKIAOHBIX UCCe008AHU

M0on00b1x yuénuvix 2021 200a» nomep npoekma 33-MY-21(02).

Cnucok aureparypsl

1. Stretchable and compressible conductive foam based on Cu nan-
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itor electrode / Y. Wang, X. Li, Y. Hou, Y. Quan, C. Yin, Z. Yin // Chemical Engi-
neering Journal, 2021, Vol. 417, p. 129176.

2. Increasing electrical conductivity of PMMA-MWCNT composites by
gas phase iodination / A. Blokhin, R. Stolyarov, |I. Burmistrov, N. Gorshkov, E.
Kolesnikov, V. Yagubov, A. Tkachev, |. Zaytsev, D. Tarov, E. Galunin, P. Offor, N.
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3. Preparation and Properties of Epoxy Resin Based Conductive Compo-
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5. Influences of carbon nanotubes and graphite hybrid filler on properties
of natural rubber nanocomposites / W. Kitisavetjit, Y. Nakaramontri, S. Pichaiyut,
Wisunthorn, C. Nakason, and S. Kiatkamjornwong // Polymer Testing, 2021, Vol. 93,
p. 106981.

6. Electrically and thermally conductive elastomer/graphene nanocompo-
sites by solution mixing / S. Araby, Q. Meng, L. Zhang // Polymer, 2014, Vol. 55, no.
1, p. 201-210.

ELECTRIC CONDUCTIVE COMPOSITES BASED
ON CHLOROPRENE RUBBER, MODIFIED WITH CARBON NANOTUBES
"TAUNIT" AND "TAUNIT-M"

ABSTRACT

Complex studies of physical and chemical parameters of carbon nanotubes
"Taunit" and "Taunit-M" have been carried out. A technique has been developed for
the production of electrically conductive composites based on chloroprene rubber
modified with carbon nanotubes with different forms of arrangement of graphene
layers, which does not require complex technological operations. The obtained com-
posites are distinguished by high rates of electrical conductivity up to 10 S/cm.

Keywords: elastomer; composite; carbon nanotubes; chloroprene rubber; elec-

trical conductivity.

244
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AHHOTALIASA

Meronamu pOCBEYMUBAIOUIEH 3JIEKTPOHHOW MHUKPOCKOMHUHU MCCIEA0BaHbI 00-
pasiel JonupoBaHHOro O0opom anmasa (/IBA), BeIpallleHHOr0O METOJAOM TemIepa-
TypHOTO Trpaauenta. [lokazaHo, 4To poCT KOHIEHTpaluu 0opa MPUBOAUT K MOSB-
JICHUIO UCKaXEHHBIX ()PAarMEHTOB PELIETKHU ajiMa3a, IUPpaKIUOHHAS KapTHUHA KO-
TOPBIX COACPKUT JUOO0 TSKH, IPOXOIAIINE Yepe3 pedIeKChl PeIeTKH aaMmasa, JIn-
00 JOTMOTHUTENbHBIC ClIa0ble pedIeKChl, KOTOPhIE CBUICTEILCTBYIOT O pa3phbiBax
Mexay {111} miockoctamu anmMasa.

KuroueBblie ciioBa: anmas; 60p; 3J€KTPOHHAS MUKPOCKOTIHS.
[lepcnexkTuBbl (HOPMHUPOBAHUS TOJYIPOBOJHUKOBBIX IMPUOOPOB HA OCHOBE

ajiMada CBsA3aHbI C TCEM, YTO TPAAWUIHUOHHBIC IIOJYIIPOBOJHUKOBLIC MATCpPHAJIbL

3HA4YUTCIBHO IMPOUrpbLIBAIOT ajiMasy 110 TCILUIOIMPOBOJAHOCTH, KpHTHII€CKOﬁ
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HaIPSDKEHHOCTH MOJIs, IIMPUHE 3alpellieHHOM 30Hbl M JApYyTHM napaMmerpam. B
KauyecTBE BO3MOXKHOIO akKIENTopa NpearnojiaraeTcs HcCmoiab3oBanue ©Oopa [1].
JlerupoBanue anMasza 60poM 0OBIYHO OCYIIECTBIISIOT B MPOIIECCE POCTA KPUCTAILIOB.
IInenkun JIBA o00nagaroT yHUKaJIbHBIMM MEXAHMUYECKMMH CBOWCTBAMH, a TaKkKe
HKCTPEMAJIbHOM XUMHUYECKON CTaOMIbHOCThIO, OMOCOBMECTUMOCTBIO U XOPOIUICH
AIEKTPONPOBOJAHOCTBIO.

Hemnoroe uzBectHo o crpykrype BA. Tak, Ob10 mMOKa3aHO, YTO B TOHKHUX
wienkax JIBA atompl 0Oopa YacTMYHO 3aMeElIalOT aTOMbl  yriepoja B
KpUCTAJUIMYECKON pemeTke anmasza [2]. B noBepxHocTHBIX cnosx JIBA,
BBIPAILICHHBIX METOJOM TEMIEpPaTypHOro rpaaueHta [3], ObUIM OOHapyXEHBI
uckaxkennole {111} cimou anmasza.

B wHacrodmelr pabore mNpeAnpUHATA TOMNBITKA HW3YYEHUS  CTPYKTYpHI
MOHOKpUCTAIIIOB JIBA MeTogaMu TPaHCMHUCCHOHHOW 3JIEKTPOHHOM MHKPOCKOIIHH
(TEM). Cnoco6 BbIpamuBaHusi Obul TOT k€, uTo U B [3]. MoHokpuctamisl JIBA
BBIPAIIMBAJIA METOJOM TEMIIEPATypHOro TpanueHTta npu gasiaeHuu 5,5 [TIA wu
temneparype 1580 °C B kamepe BBICOKOTO JIaBJICHHUSI TUIA «TOpoua». B kauectBe
HMCTOYHUKA OOpa MCIOoJIb30Bad aMOP(HBIA OOp, KOTOPBIM MOMEIIATA B MCXOIHBIN
rpaduT B KOJIMUYECTBE, HE MpeBbImatoneM 8 % ot maccsl rpaguTta. [locie okoHuaHus
Ipolecca KpUCTALIM3allMd MOHOKPUCTAJUT ajMa3a U3BJIEKAIN U3 KaMephbl BBICOKOTO
JaBJICHUS.

Ha moepxnoctsix {111} oOpasuoB JIBA c¢ Oonbinoi KoHIeHTpauuen Oopa
METOAOM  (DITyOpPECHEHTHOr0o aHaiu3a ObuUlM OOHApYKEHbl PABHOCTOPOHHHUE
TpeyroibHUKM. TEM aHanmu3 ¢ TakuxX y4acTKOB MOKa3aj, YTO Ha U300paKEHUU C
BBICOKMM pa3pelIEHUEM OTYETIMBO BHJIHBI CUCTEMBI TEMHBIX IIOJIOC, COJEpIKAIIME
MOBBIIICHHYI0 KOHLEHTpanuioo Oopa. beictpoe @ypre mnpeobpazoBanue (bDII)
colepKUT Kpome peduekcoB pemerkn anmaza (d111 = 0,206 HM) TaKke
JOTIOJIHUTENbHBIE clabble pedIeKChl, COOTBETCTBYIOLIUE CJETKa YBEIUYEHHBIM
MEXKIIJIOCKOCTHBIM paccTostHusM {111} mockocreld u paBHbie mpumepHo 0,207 HM.
H3MeHeHrne MEeXITIOCKOCTHOTO PAaCCTOSIHUS CBA3aHO C BHEIPEHHEM Oopa B pELIeTKY

ajimasa.
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Ha puc. 1 npuBeaen ¢pparmMeHT anmasa, 1onupoBaHHOTO 60poM. BuaHa cuibHO
nepopMupoBaHHas  CTPYKTypa (a) ©  COOTBETCTBYyIollee  (DUIBTPOBAHHOE

nzobpaxenue (b).

Puc. 1. a) ®parment anmasza, jgonupoBaHHoro OopoMm. CuiIbHO
nehopMHpOBaHHAs CTPYKTypa. Ha BCTaBKe — COOTBETCTBYIOIIAs MJT KapTHHA; b)

OUIBTPOBAHHOE U300paAKEHNUE;

Ha BcraBke (a) mokazana cootrBercTBytomas b®II kaptuna. Bumgnbel TsKw,
npoxoasimue uepe3 pediekchl anMasza. YTod pacX0KICHUS COCTABISET MPUMEPHO
20°, 4YrO CBHIETEIBCTBYET O CWIBHOM pa3sOpUEHTUPOBKE. JlOMOJHUTENBHBIX
pedIeKcoB HET, YTO TOBOPUT 00 MCKAKEHUU PEIIETKH ajiMa3a MpHU JOMHUPOBAHUU €TO
060poM, HO 6e3 pa3pbIBa CBS3EH.

Ha puc. 2. moka3zaHna MCKak€HHas CTPYKTypa ajamasa, JOMHPOBAHHOTO OOpOM.
Ha puc. 2, a nokazano u3oOpakeHue, MOJYYCeHHOE C BBICOKMM paspeiieHueM. Ha
puc. 2, b npuBeneHo (GUIBTPOBAHHOE HM300paKEHHE OT a); CTPEJIKAMH IOKa3aHbI
(dbparMeHThl C YBEIMYEHHBIM MEXKIIJIOCKOCTHBIM pacctosiuueMm dl111 ~ 0,240 mwm.
CootserctBytoniee bDII ¢ puc. 2, a nokazaHo Ha puc. 2, ¢. CTpenkamMu NOKa3aHbl
peduekcel, paBHble, cooTrBeTcTBeHHO, 0,206 u 0,240 ©HM. AHanmu3 Habopa
dotorpaduii ¢ MOTOOHONU CTPYKTYpOH TOKa3all, YTO MEXKIIJIOCKOCTHOE PACCTOSTHHE
d111, paBuoe 0,24 um, He equHcTBeHHOE. CYIIECTBYIOT U APYTHUE PACCTOSHUS, HO BCE

onHu Jsiexat B mpeaenax ot 0,206 no 0,260 um.
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Puc. 2. Wckaxennas ctpykrypa JIBA: a) wuzoOpaxkeHue HCKaXKEHHOU

CTPYKTYpBI; b) punbTpoBaHHOE M300pakenue ot a); ¢) bOII ot a).

DTO CBUJIETEILCTBYET O TOM, YTO BHEAPEHHE OOpa B PEIIETKY ajiMa3a MPUBOJUT
K €€ OCJIa0JIeHHI0 ¥ 4YacTHYHOMY pa3pbiBy Sp3-cBsizeil. Ilo-Bunmmomy, poct
KOHLIGHTpaluu Oopa TMNPUBOAUT K YBEJIWYEHUIO KOJMYECTBA pa3pbIBOB W,
COOTBETCTBEHHO, K  YBEIMYEHHID  MEXKIUIOCKOCTHOTO  PACCTOSHMS — MEXKIY
mockoctaMu {111}, Takum oOpazom, U300pakeHUsI, MMOKa3aHHbIE Ha pUC. 1 U 2,
CBUJETEIBCTBYIOT O pa3HbIX MEXaHU3MaX MCKAXKEHUS pElIeTKH ajiMa3a B
NPUCYTCTBUE OoOpa: HCKakeHHe Oe3 pas3pbiBa CBA3CH M HCKAKEHUE C Pa3pbIBOM
cBsa3eil. B JIBA HaOmonaeTcst yBenuyeHUe MEXIUIOCKOCTHBIX pacctossHuid {111} mis
oopocoaepxkamux cioeB oT 0,206 am mo 0,207 HM B cimosx. MHorma B3amMHO

nepecekaronmecs miockoctu {111} ogHOBpeMeHHO coaepxkaT 00p, YTO MPUBOAUT K
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oOpazoBaHni0 (PparMEeHTOB TPEYrOJHHUKOB, KOTOPHIE MOXKHO YBUIETH BO
(ryopecieHTHOM W300paKEeHUH IMOBEPXHOCTH anmasza. PocT KoHIEeHTpanuu Oopa
NPUBOJUT K  TOSBJICHUIO HMCKAKCHHBIX  (parMeHTOB  pEUICTKH  ajmasa,
TUQPPAKIIMOHHAS KapTHHA KOTOPBIX COJCPKHUT JHOO TSDKH, MPOXOJAIINE dYepes
peduiekchl pelieTkr aiMasa, Ju00 JOMOJHHUTEIbHBIC C1a0dble pedUIeKChl, KOTOpPhIC

CBUJIETEIBCTBYIOT O pa3pbiBax Mexy {111} miuockoctsimu anmasa.
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rials Research Express, 2014, Vol.1, 035905, pp. 1-11.

FEATURES OF BORON DISTRIBUTION IN A SINGLE CRYSTAL
OF SYNTHETIC DIAMOND

ABSTRACT

Samples of boron-doped diamond (BDD), grown by the temperature gradient
method were studied by transmission electron microscopy. It is shown that an in-
crease in the boron concentration leads to the appearance of distorted fragments of
the diamond lattice, the diffraction pattern of which contains either strands passing
through the reflexes of the diamond lattice, or additional weak reflexes that indicate
gaps between the {111} diamond planes.

Keywords: diamond; boron; electron microscopy.
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AHHOTALIUSA

Bonubie nucnepcuu, copeprKaiige CMeCh YTIEpPOJHbIX HAHOTPYOOK M OKCHAA
rpadeHa, MOABEPIHYTHl BBICYIIMBAHUIO MPU PA3IUYHBIX YCIOBUSX. BbICyIIeHHBIN
MaTtepHua MoABEPrajcs MEXaHUYeCKON 00padoTKe W pa3MoIly B TUIAHETAPHON MENb-
Huue. [Ipoananu3upoBaHo BIMSHUE CIIOCO0A CYIIKU JHUCIIEPCUH, a TaKXKe MOCIeny-
IOIET0 JAPOOJICHUS BBICYIICHHBIX MAaTEPUATIOB Ha pa3Mephl ariioMepaTtoB (GopMUpY-
IOIUXCSE TUOPUAHBIX CTPYKTYyp. MccnenoBanbl cniektpsl KP momydeHHBIX 3KCmiepu-
MEHTAJIbHBIX 00Pa3I0B.

KioueBble ciioBa: yriiepojaHble HAHOTPYOKH; OKcuJ TpadeHa; TUOpUIHBIC

CTPYKTYPBI; TUCIIEPCHH.

[Ipu coBMECTHOM IPUCYTCTBUH YIJIEPOJIHBIX HAHOTPYOOK U rpadeHa B moamMme-
pax 3a4acTyro HaOJIOJaeTcs cuHepreTuueckue 3PQGeKTsl MO BIMUSHUIO HA (DU3UKO-
MEXaHUYECKHE U DJIEKTPOMPOBOAIINE CBOMCTBA KOMIIO3UTOB [1 - 3]. JlanHbIN (hakT
MO3BOJIAET Mpenoaarate (OpMUPOBAHNE TUOPUIHBIX CTPYKTYp, KaUECTBEHHO OTJIH-
YarouuMXxcs M0 CBOMCTBAM OT MCXOJHBIX Marepuaios. [Ipu atom tunm u dpopma Qop-

MUPYIOIIEHCs B 00beMe MoJiMMepa MPOCTPAHCTBEHHONW CETKH MOXET OBbITh pa3iud-
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HOW B 3aBUCHMOCTH OT 0OBEMHO-MACCOBBIX COOTHOIIEHUN MCXOIHBIX KOMIIOHEHTOB,
croco6a 1 CTeneH! UX PyHKIMOHAIU3AINH U IPUPOIHI TOJUMEPHONU MaTPHULIBI.

B pamkax gaHHOTO uCCieIOBaHUS TIPU PA3IUYHBIX YCIOBUAX ObUIA MOJTYYEHBI
JAUCTIEPCUU HAHOTPYOOK M OKcujia rpad)eHa B BOJAE U SMOKCUIHBIX CMOJIaX M U3yUYEHBI
UX CBOWCTBA.

st atoro cmecb YHT ¢ 1 %-HbIM BOJHBIM pacTBOpPOM OKcHa IpadeHa B Mac-
coBoM cooTHotmienuu 1:1 moxsepranace Y3-o0pabotke. [lomyuennas cMech mpoxo-
JWIa CYIIKY U MEXaHMYECKYI0 00pabOTKy A0 MOJy4YeHHUs MOPOIIKOBOTO MaTepHalia
MIPU PA3IUYHBIX YCIOBUSIX: CYIKa B CyIIWJIbHOM Iikady npu temmneparype 40 °C,
muo¢wibHas cymika Ha npudope Scientz-10N Freeze Dryer (Scientz, Kuraii), oOpa-
00TKa CyxXOoro MaTepuaia B IlaHeTapHOW MenbHuUIe Pulverizette 5 u MammHHBIM 110-
MOJIOM.

B 1abn. 1, 2 npencraBieHsl pe3yabTaThl aHAIM3a Pa3MEPOB YACTHUL arperaTos,
(bopMUpPYIOLIUXCS B MOTYYEHHBIX AUCIIEPCHUSIX MPU Pa3IMUHBIX YCIOBUSAX J€3arperu-
poBaHus U cymiku. [lepecuer naHHBIX OCYIIECTBISICA IO 00bEMY M KOJUYECTBY ya-
CTHII pa3MEpHBIX (hpakiuii B 00pa3iiax ¢ UCHOJIb30BaHUEM ITPOrPaMMHOr0 odecreye-
uus npudopa NICOMP 308 ZLS. KP-cniektpsl 6butn mosydensl Ha nmpudope DXR
Raman Microscope (Thermo Scientific, CILIA).

Tab6a. 2. PactipenenieHne 4acTHUIl IUCTIEPCHOM (ha3hl B cMecsX okcua rpadena ¢

YTIIEPOIHBIMU HAHOTPYOKaMU IO pa3MepaM y4eToM 00beMa 4acTull

Obpazenr | Cymka Pazmon ®pakuuu, HM (%) — 10 00BEMY YaCTHUIL

Mernkas Cpennsis bosnpras
1 40°C MaruuH. - 155.3 (6.91) 679.9 (93.09)
2 40°C TlnameTap.Mer. 39.6 (22.10) | 310.9 (13.10) | 1827.4 (64.79)
3 JImodpmn. | - 59.0 (6.21) 314.7 (12.16) | 1361.0 (81.63)
4 Jlnopun. | MammH. - 4155 (13.32) | 1849.0 (86.68)
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Tab6a. 3. Pactipenenenne 4acTuIl AUCTIEPCHOM (a3bl B CMeCSIX OKcua rpadeHa ¢

YTIIEPOTHBIMU HAHOTPYOKAaMU TI0 pa3MepaM ¢ YIeTOM KOJNIECTBA YACTHII

Obpazenr | Cymka Pazmon ®pakuuu, HM (%) — 110 KOJIMYECTBY YACTHUIL
Menkas Cpenusis Bonpmias

1 40°C MaruuH. - 143.7 (87.01) | 623.5(12.99)

2 40°C IInanerap. men. 37.2 (99.89) 264.3 (0.11) 1590.6 (<0.01)

3 JInopun. | - 56.8 (98.68) 267.4 (1.23) 1226.9 (0.09)

4 JIvodpun. | MaiuH. - 369.2 (93.24) | 1632.4 (6.76)

[locne nuouIbHON CYIIKM BOAHOW JOHUCIEPCUU BO3MOXKHO (HOPMHUPOBAHME
HAaHOPA3MEPHBIX (PparMEHTOB, OJHAKO BBIXOJ MMEHHO MEJIKOJIUCIIEPCHOU (ha3bl He-
BEJIMK. B mponecce CylIKy 4acTHLBI arperupyroT B BOJOKHUCTYIO CTpYKTYypy. Ilocne
MEXaHUYECKO 00pabOTKH BCIEICTBHE CIWIIAHUA U Pa3pyLICHHs] CTPYKTYpPHOU yIO-
PANOYEHHOCTH IPOUCXOIUT YBEIIMUEHNE PA3MEPOB arjloMepaToB.

Cymika cmecu YHT c okcuaom rpadena npu 40 °Cc MOCIIEYIONICH MEXaHu4e-
CKOM 00paOOTKOM MPUBOAUT K HEOAHO3HAUHBIM pe3ysibTaTaM. [lopoiku, momxydyeH-
HBIE NIOCJIE MEXAaHUYECKOI0 TIOMOJIA, XapaKTEPU3YIOTCSI OTCYTCTBUEM MEJIKOAUCIEPC-
HOI (ha3bl, OIHAKO YaCTULIBI OoJiee OJAHOPOIHBI Mo pasmepam. [locie pazmona Ha
IUTAHETapHOW MENbHULIE B TOJYYEHHOW CMECH OOHApYKHMBAIOTCS HaHOpPa3MEpHBIE
yactuiibl. O0beMHast JOJIsl UX OTHOCUTENBbHO HeBbIcOKa. OHOBpEeMEHHO oOpa3yercs
HE0OJIbIIIOE KOJUYECTBO MUKPOPA3MEPHBIX arjioMepaToB, 3aHUMAOIIMX 3HAYUTENb-
HYIO 4acTh 00bEMa BCET0 MaTepHara.

B 1a6x. 3 npencrasniensl pe3yabTaThl KP-criekTpockonuu cyxux oOpa3Los.

Ta6n. 4. lanasie KP-cniekTpockoniy rTuOpUIHBIX HAHOMATEPUATIOB, MTOTYYEH-

HBIX [IPU PA3JIMYHBIX YCIOBUSIX 00pabOTKH

Oo6paser | D, omt G,cm” 2D, cmt D/IG 2D/G
1 1343.57 1581.93 2684.96 1.079 0.198
2 1348.06 1589.58 2685.85 1.031 0.146
3 1346.68 1589.72 2696.77 0.937 0.119
4 1351.21 1587.57 2695.91 0.923 0.123
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[To manubmM KP-criekTpockonuu, HauMEHbIIEH Ae(EKTHOCTHIO XapaKTepU3yrT-
Csl MaTepualibl, NOJYYEHHbIE OCPEACTBOM pa3MoJja Ha IUIAHETAPHON MEJIbHHUILIE 10
CPaBHEHUIO C OOBIUHBIM MEXaHUYEeCKUM JpobieHueM. [lokazarenb cOOTHOIIEHUS UH-
TeHcuBHOCTEeW MHKOB 2D/G Taxke ykasplBaeT Ha TO, YTO TOJYYCHHBIC THOPHUIHBIC
CTPYKTYpPBI COJEpPk AT MEHbIIIEE KOJUYECTBO Ipad)€HOBBIX CJIOEB. DTO MOXKET ObITh
oOycnoBneHo Oonee 3dpdextuBHBIM BHeApeHueM YHT B mpocTpaHCcTBO Mexay 4a-
ctunamu okcuma rpadena. Mcmonp3oBanne THOGUIHHON CYIIKH MPUBOAUT K oOpa-
30BaHMIO MaTepHalia ¢ HAMMEHBIIUM KOJUYECTBOM CIIOEB U 1€PEKTOB.

Hcnonbs3oBaHne MalIMHHOTO NOMOJA MOCH€ JTUOPUIBHONW CYIIKHM TPUBOJUT K
arperanuu 4acTHll, HO IPU 3TOM TaKXe CHIXKaeTcs NePeKTHOCTh MaTepuania. Bepo-
ATHO, ME€XaHHuYeckas o0paboTKa mocie JUOPMIbHON CYIIKH MO3BOJSET 0€3 paspy-
IIEHUS] MaTepHUalla «CKIEUTh» pa3pO3HEHHBIE MACCUBBI.

[TosyueHHblEe MaTepHalbl IUIAHUPYETCS alpoOMpOBaTh B KauecTBE J00AaBOK K

IMOJIMMCPHBIM KOMIIO3HUTAM.

Cnucok aureparypsl

1. Epoxy composites with carbon nanotubes and graphene nanoplatelets —
Dispersion and synergy effects / L.Yue, G. Pircheraghi, S. A. Monemian, |I. Manas-
Zloczower // Carbon, 2014, Vol. 78, pp.268-278.

2. Dramatic mechanical and thermal increments of thermoplastic compo-
sites by multi-scale synergetic reinforcement: Carbon fiber and graphene nanoplatelet
/ X. Yang, Z. Wang, M. Xu, R. Zhao, X. Liu // Materials and Design, 2013, Vol. 44,
pp.74-80.

3. Polyimide reinforced with hybrid graphene oxide @ carbon nanotube:
Toward high strength, toughness, electrical conductivity / J. Wang, X. Jin, H. Wu, S.
Guo // Carbon, 2017, Vol. 123, pp.502-513.
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PREPARATION OF MIXTURES OF CARBON NANOTUBES AND
GRAPHENE OXIDE AND INVESTIGATION OF THEIR PROPERTIES

ABSTRACT
Aqueous dispersions containing a mixture of carbon nanotubes and graphene ox-
ide were dried under various conditions. The dried material was machined and milled
in a planetary mill. The influence of the method of drying dispersions, as well as the
subsequent crushing of dried materials, on the size of agglomerates of the hybrid
structures being formed is analyzed. The Raman spectra of the obtained experimental

samples are investigated.
Keywords: carbon nanotubes; graphene oxide; hybrid structures; dispersions.
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AHHOTALUSA

HccnenoBanbl ONTHYECKUE CBOMCTBA YTIIEPOJHBIX MIIEHOK HAHOMETPOBBIX TOJI-
IIMH, TIOJTY4YCHHBIC METOJOM OCaXJICHUS aTOMOB yriiepoja B mia3me merana Ha SiO,-
OUTOKKY H MOCIEIyIOLIel TepMooOpaboTKoil B AMarmasoHe Temmeparyp oT 650 °C
10 800 °C. B pabote ucciaenoansl K- 1 paMaHOBCKHE CIIEKTPBI, @ TAKKE H3MCHE-
HUE COMPOTHUBIIEHUSI MaTepHaa MPU OCBEILICHHH.

KuroueBbie cioBa: HaHorpauTOBBIE IUIEHKH; paMaHOBCKuE crekTpbl; MK-

CHEKTPHI; (POTOOTKIHK.

C momeHTa nosiydeHus rpadpeHa He ociabeBaeT HHTEPEC HCCIIEe0BaTENEH BCEro
MHpa K TOHKAM YIJIEPOJIHBIM IUJIEHKaM Oyarojaps UX YHHKaJbHBIM cBoicTBam. O
HUM M3 MEPCHEKTUBHBIX MPUIOKEHHUH, B KOTOPOM MOTYT OBITh BOCTPEOOBAHBI TaKHe
CBOKCTBA YIJIEPOJAHBIX HAHOIUIEHOK, KAK BBICOKAs JJIEKTPOIPOBOAHOCTh U MOJBUIK-
HOCTb HOCHUTEJIEH 3apsA/ia, YyBCTBUTEIBHOCTh K CBETY, SIBIIIETCS ONTOXJEKTPOHHUKA.
Panee aBTopaMu ObLT UCIIOJIB30BaH METOJ CHHTE3a IpaUTOBBIX MJIIEHOK HAHOMETPO-

BbIX TOJINIUH ITYTEM OCAKACHUA YIJICpOaAa B IJIa3MC MCTAHA U HOCHGI[YIOIHeﬁ TCPMO-
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obOpabotku [1]. B manHO#l paboTe MPOBENEHO HMCCIIENOBAHUE ONMTHUYECKUX CBOMCTB
MOJIYYCHHBIX TUICHOK.

Uccnenyempie B pabote 00pasiiel rpadUTOBBIX IJICHOK OBUTA WM3TOTOBJICHBI B
nBa stana [1]. Ha nmepBom sTame ObUIO MPOBEICHO OCAXICHUE aTOMOB yriiepoja B
ia3me metana (CHy) Ha momioxku SiO,. Pabouee naBieHre B peakIIMOHHOM KaMepe
coctaBisio 0,04 mOap npu momHocTy iasmMbel 200 BT 1 ckopocTu moToka MeTaHa
30 cm’/muH. YacToTa reHepaiiy HHIYKTUBHO-CBSI3aHHOM TIa3Mbl cocTaBmsuia 13,56
MTI'u. HarpeB momoxek B OMpOLIECCE OCAXKIACHHS 3aBUCENI OT MOIIHOCTH IUIa3Mbl U
JUTITEIBHOCTH 00paboTky 1 He npessimain 50 °C. Ha BTopoM sTare cuHTe3a 06pasiibl
OBLITN TOJBEPTHYTHI TEPMOOOPAOOTKE MU Temmeparypax ot 650 °C o 800 °C B ar-

Mocdepe aprona. YcioBusi CHHTE3a IIJICHOK MPUBEACHBI B Ta0I. 1.

Taba. 1. YcnoBUsS CUHTE3A IUIEHOK.

Tun Bpewms Temneparypa Bpewms
MOJTOKKHU 00paboTKH B TepMo0oOpadoTkH, °C TEpMOOOPaAOOTKH,
J1a3mMe, MUH MUH
SiO, 1o 10 650, 700, 750, 800 30 u 45

Meronom atoMHO-cmiioBoii mukpockormmu (“NtegraSpectra”) Obumn OIEHEHBI
TOJIIIMHBI TIOJTYYEHHBIX IJIeHOK. HalijleHHbIe 3HaYeHMsI TOJIIMH ObUTA OT HECKOJIBKUX
HM U BBbIIIIE (O COTEH HM) B 3aBUCUMOCTH OT YCJIOBUM 00pabOTKH (MOUTHOCTH TLIa3-
MBI, BpeMs BBIJIEPKKH B IUIa3Me, BpeMsi U TemIepaTrypa TepMooOpalboTku). Jlis
YMEHBIIIEHUSI TOJIIUH «TOJCTHIX» IUIEHOK BO3MOHO HCIIOJIb30BaHUE KHUCIOPOIHON
mia3Mel. B npeasiqymux pabotax aBTopaMu ObIJIO TTOKA3aHO, YTO JIATEPaIbHBIE pa3-
Mephbl yenryek rpadura B IMIeHKaX cocTaBisioT S — 15 um [1, 2].

HccnegoBanusi ciekTpoB NOTJIOLIEHUS B MHGpaKpacHOW obnacTu ObUIM MPOBE-
nenbl ¢ momorpio MK-mukpockomna “Spotlight-200i” npu koMHATHO#N TeMIieparype.
B cnektpax mornomenust (puc. 1, a) Bbyaensercs MMPOKas Mojoca B 00J1acTh OT
3000 cm™ g0 3700 cm™ ¢ mMakcumymom mpu ~ 3400 cM, BBI3BaHHAs KOJICOAHMSAMHE
rugpokcwibHbix Tpynn -OH [3]. Takxke ¢ mpucyTCTBHEM BOIOpPOAA B CTPYKTYpE

TUICHKU CBSI3aHBI MAKK mpu 1445 cv ™ (konme6anmst cszeit O-H) [4] 1 mHKu B OKpecT-
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HOCTSIX yacToT 2870 cm™ 1 2930 CM'l(Kone6aHI/m ceszeit C-H) [4]. B nosocy norno-
mieausa ot 1500 emt o 2000 cmt BXOJIST MUKH, CBSA3aHHBIE C KOJICOAHUSIMH apoMa-
THUecknX cBsi3eil yriepona C=C (Makcumym mpu 1630 cm™) [4] ¥ KapOOKCHIBHBIX
rpyrn CO-OH wmnu kap6oumnbabx C=0 Tpyrm keToHoB 1 ampaerngos (1710 cm™)

[3]. KpoMe TOro, KHCIOPOAHBIE TPYIIIBI BXOMAIT B HOnocy mukoB oT 1000 cm™ 10

1300 cm™ [4].

11%@,4,: 8000

6000 |

2D D+G

Absorbance, a.u.
Intensity, au.

4000 -

1000 2000 3000 4000

1000 2000 3000

Wavenumber, 1/cm ; .
Faman shift, 1/em

Puc. 1. Cnextpsl nornonienus B MK-o6nactu (a) u Paman cnektpsor (0) yrie-
POIHBIX IIJIEHOK, OCAXJICHHBIX B IJIa3Me€ MeTaHa MOIIHOCTHI0 200 BT mnurtenbHO-

cTBI0 9 MuH 1 oTxura mpu 650 °C B Teuenne 30 MuH.

Ha puc. 1, 6 mokazaHnbl paMaHOBCKHE CIIEKTPhI 00Pa3IoB Mocie oTxura mpu 650
°C B teuenne 30 muH. Hambosiee 3aMEeTHBIMM TTUKAMU SIBJISIIOTCS TIOJIOCHI B OKPECT-
HOCTH 4acToT ~ 1350 cv™ (D-muk) 1 ~ 1590 em™ (G-muk). OcHoBHO# Mk G Xapak-
TepU3yeT KONCOAHWs SpP°-THOPHIN30BAHHBIX CBA3EH B YIIEPOIHON IIOCKOCTH [5].
[Tpupona D-nuka cBsi3aHa ¢ BHEMJIOCKOCTHBIMU KOJICOAHUSIMU CBSI3Ei sp3 1 pazyno-
psanouenueM pemietku [5]. Takxke B paMaHOBCKHX CIIEKTPaxX BHUIHBI MOJIOCHI C MaK-
CUMyMaMH MpH BOJIHOBBIX unciiax 2700 e (2D muk), 2930 cm™ (muk D + G) u
~3150 cm™. 2D-mosoca SBISETCS 06EPTOHOM BTOPOTO MOPsiIKa D-MHMH, HO [ €ero
BO30YyKJIeHUs He TpeOyerca Hamuuus AedektoB s aktusauu [5]. Tlomoca D + G
npeacTaBisieT coboit komOuHanuo mukoB D u G [5] u cBsizana ¢ HanuaneM Jedex-
toB [5]. Tlonoca mpu ~ 3150 cM™ IPEAIONOKUTEIBHO BbI3BAHA KOJICOAHMSIME yriie-

POI — BOJOPOJIHBIX CBSI3E€M apOMATUYECKOTO YIJIEPOJIHOr0 KOJibla [S].
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Ha puc. 2 mnokaszaHbl myibcallud TOKa MPU BKIIOUYEHUU M BBIKIIOUYEHUHU
raJIOTeHOBOM JIAMTIBI JIJIs1 00Pa3IoB, MOABEPTHYTHIX MOCTINIA3MEHHON 00paboTKe Tpu
T =650 °C u T = 700 °C B Teuenue t = 30 mun. Kak BUAHO U3 pHC. 2, MyIbCALMN
doTtoToka cocTtaBisIM B Makcumyme ~ 58 MkA. C pocToM TemmepaTyphl
TepMooGpabotku g0 T = 750 °C Benmumza (pOTOTOKA HE3HAYUTENBHO CHIKATIACH. B
TO XK€ BpeMs, TNPU YBEITUYCHHH BPEMEHH TepMOooOpaboTku 1o 45 MuH, (OTOTOK
3HAYUTETHLHO BO3pacTan u gocturan ~ 1850 MxA (puc. 2, 6). OTu ucciaenoBaHUs
¢dboToToka ObUM TIPH MPOBEEHBI MpH HanpsbkeHnu § B. C yBenuueHneM HanpspKeHUs

Bhiie 10 B Benuuuna q)OTOTOKa JOoCTHUIrajia HaCbIIIICHMSI.

700°C, 30 min a) 750°C.45 min G)
&50°C, 20 min 2000 4 700°C_45 min

(_’\FI 1 1600-'_'—"—|ﬁ’_~|’—|r|'_‘—
.—|r ——‘.jﬁ

&0

—1

50

+0 1 1200

lph, mkA
I, mkA

30 o
800 +
al
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0 10 20 30 40 50 &0 70 10 20 30 40 50 60 70
t, =

ts
Puc. 2. 3aBucumoctu u3MeHeHUs (OTOTOKA NPHU BKIIOUYEHHH U BBIKIIOYEHUU
. 0
OCBEILEHHUS JJIsI TUICHOK, MOABEPIHYTHIX MOCTIIa3MEHHON TepMooOpadoTke npu 650 "C

1 700 °C B teuenne 30 muu (a) u 700 °C u 750 °C B Teuenue 45 muH (6).

Habmonaemast (oTO4yBCTBUTEIBHOCTh CHHTE3UPOBAHHBIX YTJIEPOAHBIX MIEHOK
BbI3BaHa (pOTOreHepaluel HocuTenel 3apsiga (JIEKTPOHOB U JBIPOK) TIpH
OCBEIIEHUH. 3aBUCUMOCTB |y, OT HampsbkeHus oOycnosiieHa Oonee >()()EKTUBHBIM
pazzieJIeHUEM HOCUTENEH 3aps/ia JIEKTPUYECKUM M0JIEM, BO3HUKAIOUIUM MPHU M0Ja4e
HampspDKeHUusT Ha oOpaszer. 3a cyeT H3TOr0  yMEHbBIIAeTCsl HMHTEHCUBHOCTD
PEKOMOMHAIIMOHHBIX TPOIECCOB O3JIEKTPOHHO-ABIPOYHBIX Tap, YTO MPHUBOIUT K
noBbIeHnto pototoka. Haceienue (poTtoToka ¢ pocToM HaMpsiKEHUS! BHI3BAHO TEM,
YTO MPAKTHUUYECKU BCE F€HEpUPYEMbI€ NMPU OCBEIIEHUN HOCUTENU 3apsija JTOCTUTaIOT
AJIEKTPOJIOB U JalbHEWINEe €ro MOBBINICHHE HE MPUBOAMT K MOBBIIICHHIO TOKA.
VBeTHYCHHE TEMIIEPATypPhI OCTILIA3MEHHOiT TepMoobpadoTku ot 650 °C mo 700 °C,

TaK W BpPEeMEHH O0O0paboTKM 10 45 MHUH TPUBOAWT K YBEIWYEHUIO (HOTOTOKA.
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Bo3MoxHO, 4YTO 93TO cBsizaHO C Oosiee 3PDEKTUBHBIM  (HOPMUPOBAHUEM
YIOPSIOYCHHBIX KPUCTAIUTUYECKUX CTPYKTYP yriepoaa Ha moioxke SiO,.

*Paboma svinonnena npu noodepoicke epanma PO DU Nel9-32-90133.
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OPTICAL PROPERTIES OF NANOGRAPHITE FILMS SYNTHESIZED
BY DEPOSITION IN A PLASMA OF METHANE AND
SUBSEQUENT HEAT TREATMENT

ABSTRACT
The optical properties of nanometer-thick carbon films have been investigated. The
films were obtained by deposition of carbon atoms in methane plasma on a SiO, sub-
strate. At the next stage of the synthesis, the samples were subjected to subsequent heat
treatment in the temperature range from 650 °C to 800 °C. IR and Raman spectra, as
well as the change in the resistance of the material under illumination, were investigated
in this work.

Keywords: nanographite films; Raman spectra; IR spectra, photoresponse.
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AHHOTAIUA

B cratbe mpencraBiieHbl MCCIIEIOBAaHUSI TEIUIOBBIACICHUN HAHOMOJIU(PHUIIUPO-
BaHHOTO KPEMHUHOpPraHMYECKOTo KoMmmayHnaa (dmactoMepa). MccrmemoBaHbl Teruio-
BBIJICJICHUSI TIPU PACTSHKEHUU U KPYUYEHUH TUIOCKOTo 00pasiia HAaHOMOAU(DUITUPOBAH-
HOTO dJ1acTOMepa. Y CTaHOBJICHO, YTO MPU KPYyUYEHUU HAHOMOU(MUIIMPOBAHHOTO dJIa-
ctomepa Ha 360° hopMUPYIOTCS y4aCTKH ¢ 00JIee BEICOKOM TEMIIepaTypoil — cipaBa u
B [EHTPAIbHOIT 30He (49,5 °C) 10 CpaBHEHHIO C APYTHMH YacTSIMHU dJIacToMepa, 00-
najgarommmu cpennen temneparypou 45 °C. Ilpu kpyyennn Ha 720° mpouCXoauT
yBeJTHUCHHE MAKCHMAIBHOM TEMIIepaTyphl B MecTe cruda smactomepa 10 50,2 °C.

KiroueBble c¢ji0Ba: MHOTOCTIOWHBIC YIJIEPOJHBIE HAHOTPYOKH; TEIUIOBBIIEIIE-

HUSI; KPEMHUMOPTraHUYECKUN KOMITAYH]T; KDYYEHHUE U PACTKCHUE.

Pacuimpenne (pyHKIMOHANBHBIX BO3MOXXHOCTEW MOPTATUBHOM MUKPOIIIEKTPO-
HUKH CBSI3aHO C MPUMEHEHHUEM 3JIEKTPONPOBOASIINUX THOKUX MaTEpHAIOB. DIEKTPO-
MPOBOASAIINE THOKME MaTepHallbl HAXOAT IPUMEHEHHE B MOHUTOPUHTE TapaMeTpoOB
cepaleOreHns U YeJI0BEKO-MallMHHBIX UHTEpPeiicax. DPPEeKTUBHBIMU 3IEKTPOIPO-
BOJSILIMMHU CTPYKTYpaMH, KOTOpPbIE MOTYT CIIOCOOCTBOBAaTh MNpPUIAHUIO (DYHKLHO-
HaJIbHBIX CBOMCTB 31acTOMEpPaM SIBJISIIOTCS. MHOTOCJIOMHBIE YIIIEPOAHbIE HAHOTPYOKH

(MYHT) [1].
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IIpn pactskenun nonumMepos, coaepxanmx MYHT, MYHT nonseprarorcs me-
XaHUYECKOMY PACTITHBAHUIO, YTO TAK)KE OKAa3bIBAECT BIMSHUE HAa pa3jIMUHbIC Napa-
METpbl HAHOMOAU(UIIMPOBAHHBIX MAaTEPUAIIOB [2].

DJIeKTpOHArpeBaTesii Ha OCHOBE KPEMHUHOPTraHMYECKUX 3JIacTOMEpoB [3, 4]
o0JafaroT cBOMCTBaMU, 00ECTICUNBAIONIUMHU YCTOMYMBOE TEIUIOBBIJEICHHUE MTPH MPO-
TEKaHUH 3JIEKTPUUECKOT0 TOKa C peanu3aiueil ra¢pdexra camoperyimpoBaHus TeMIIe-
patypsl. BnusiHue kpyudeHuss HaHOMOAW(UIIMPOBAHHOTO 3JIaCTOMEpa Ha 3HAUYCHUE
€ro 3JIEKTPOIIPOBOIHOCTH UCCIe0BaHO B paboTe [S]. B pabote [6] ycTaHOBJIEHO, YTO
ucnonszoBanne MYHT cunresupoBansabix mo CVD-texHonornu ¢ npuMeHEeHHEM Ka-
tanu3aTopoB Co-MO/Al,03-MgO npuBOIUT K HAWIY4IIEeMy YPOBHIO 3JICKTPOIPO-
BOJTHOCTH C PABHOMEPHBIM PacClpeeICHUEM TEMIIEPATyPHOTO MOJIA.

Lenp paboThl — HccaeAOBaHUE TEIUIOBBIACICHU B HAHOMOAU(MUUIUPOBAHHOM
AIacTOMEPE MPHU PACTSHKEHUU M KPYUYEHUU TOJ ACHCTBHEM SJIEKTPUUECKOTO Hampsi-
KEHUS.

B kadecTBe MOJIMMEPHON MaTPULIBI HCOJIB30BAIN KPEMHUMOPTaHUYECKUN KOM-
nayaa «Cunarepm 8030» (amactomep) (OOO «2JIEMEHT 14», Mocka, Poccus).
st momuduimpoBanms OblTH Hcnonb3oBanbl MYHT, cunTesupoBanubie mo CVD-
TEXHOJOTHH ¢ Katanutuueckumu cuctemamu Co-Mo/Al,03-MgO. Konnenrtpanust
MVYHT B snactomepe coctaBuia 6 macc. %. Jnmuna o6pasma smacrtomepa ¢ MYHT:
100 mM; mupunHa 10 MM 1 TonmmHa 1,5 mm. TexHosorus nmoaydeHus: o0pasioB dja-
cromepoB ¢ MYHT, a Takxe ycTpoMCTBO JUIs MOABO/IA SJIEKTPUUECKON SHEPTUU OIH-
caHo B paborax [4 — 6]. lna uccienoBaHus pacrpeaesieHusl TEMIEPATYPHOTO MOJIs
UCToNib30BaH TeruioBu3op Testo 875-1 (I'epmanus).

Ha puc. 1 u 2 (a, b) npencraBneHbl TeMIOBU3HMOHHBIE CHUMKH pacipeaeaCHHUs
TEMIIEPATypPHOTO MOJISI B 3J1aCTOMEPE B UCXOJAHOM COCTOSIHUM (MaKCHUMaJIbHAsI TEMIIe-
patypa 50 °C), a TarKke IpH PACTSHKCHHH 1 kpydyenuu. Ha puc. 1, a moka3zau snacro-
Mep B CBOOOJHOM COCTOSTHUHU TIPH TMOJja4€ HAa HETO MEPEMEHHOTO HAIMPSHKEHUS, PaB-
Horo 150 B. Ilpu pactsixkenun obpasna snacromepa Ha 20 % OT MUCXOTHOM JJTUHBI

(puc. 1, b) HaGTIOmAaeTCS CHIKEHHE MaKCHMAIbHO TemmepaTyps! Ha 3 °C (47 °C).
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a b
Puc. 1. Pactipenenenue TeMiepaTypHOro MoJisi Ha MOBEPXHOCTH oOpasia dJa-

ctomepa ¢ MYHT. a — ucxoausiii odpaselr; b — o6pasert mocie pactsokenus Ha 20 %.

[Tpu xpyuenuun Ha 360° GopMUPYIOTCS YUACTKH dJIACTOMEPA C TTOBBIIICHHON
TeMITepaTypoii — CIipaBa U B IeHTpaIbHOi 30He (49,5 °C). Ipu kpydennnu Ha 720°

0
MIPOUCXOIUT YBEJIUUYECHHE TeMIiepaTypsl B mecte cruda jo 50,2 “C.

50,2 °C

' 50,0
ars

495°C

a b
Puc. 2. Pacnipenenenue TemnepaTypHOro MoJjis Ha MOBEPXHOCTH oOpasiia dJa-
ctomepa ¢ MYHT npu kpydyeHun. a — obpasel, ckpydeHHnsiii Ha 360°; b — oOpazer,

CKpy4YeHHbIN Ha 720°.

Pa3nuuuns B pacnpeneneHuu TeMIEPAaTypHOro MOJIsl HA OBEPXHOCTH HCCIIETye-
Moro 3nacroMepa ¢ MYHT npu pacTsykeHUU U KPyUEHUH CBSI3aHO C U3MEHEHUEM JI0-
KQJIBHOTO 3JIEKTPUYECKOTO COMPOTUBIICHUS HA y4aCTKaX, MOJBEPracMbIX MEXaHHUYE-
CKUM Jie(popMaIisiM, 4To, C OJTHOM CTOPOHBI, BEI3BAHO T€OMETPUUECKIM HCKa)KEHUEM
JMAJICKTPUIECKON MaTpHIlbl, a ¢ Apyrou ctopoHsl — aedopmanueit MYHT [2]. [Ipu

9TOM PACTSKCHHUEC 23JIACTOMEPA BLISBIBACT CHHIKCHHUEC TCMIICPATYPhI TCHHOBBIHGHCHHﬁ,
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TaK KaKk MPOUCXOAMT BHYTPEHHEE CMEIICHHE B MPOBOMSIIEH CETKE, 0Opa30BaHHOI
Kak otnenbHeiMu MYHT, Tak 1 ux armomeparamu.

*Paboma evinonnena npu @unancosou noooepxcke 6 pamkax Coenawerus No
10-MV-20 o noooepocke nobeousuteco npoekma Ne 23-MY-20 (02) obracmmoeo
KoHKYypca «I panmol 015 no00epIHcKu NPUKIAOHBIX UCCAE008AHULL MOTOObIX YUEHbIX

2020 200a».
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STUDY OF HEAT GENERATION IN NANOMODIFIED ORGANOSILICON
COMPOUNE UNDER TENSION AND TURNING

ABSTRACT

The article presents a study of the heat release of a nano-modified organosilicon
compound (elastomer). The heat release during stretching and torsion of a flat sample
of a nanomodified elastomer is investigated. It was found that when the nanomodified
elastomer is twisted by 360°, areas with a higher temperature are formed - on the right
and in the central zone (49.5 °C) compared to other parts of the elastomer with an av-
erage temperature of 45 °C. When twisting by 720°, the maximum temperature in the
place of elastomer bending increases up to 50.2 °C.

Keywords: multilayer carbon nanotubes; heat dissipation; organosilicon com-

pound; twisting and stretching.
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AHHOTALIUA

IIpensioxkeH OpUrMHAIBHBIN METOJ 3aKPEIUICHUS TUTaH-MarHUEBOTO KaTalu3aTopa
(TMK) anst momumepu3aiiuy dTHiIeHa IN-SitU Ha TOBEPXHOCTH YTIJIEPOJHBIX HaHOMATe-
puanoB (YHM) paznuuHoil CTpyKTypHI.

ITokazaHa BO3MOKHOCTb PETYJIUPOBAHUSA MOJIEKYJISIPHOU CTPYKTYPBI MOJIUMEPHOU
YacTU B KOMITO3UTaX U cofepkanus Y HM nyrtem BapbupOBaHUs YCIOBHM MOIUMEPU3a-
1uu. [lokpeiTeie monumepom YHM Gosee paBHOMEpPHO pacpeesiFoTCsl B TIOJTUMEPHOM
MaTpHIe, YTO MPOSIBISIETCS B YIYUYLICHHBIX (DU3MKO-MEXaHHMUECKUX XapaKTEPUCTHKAX

KOMITIO3UTOB 10 CPAaBHEHHIO C UCXOJHBIMU, HeMOAUpuIpoBaHHbIMU Y HM.
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KuroueBblie cjioBa: yriepojHble HaHOMaTepHalibl; rpad)€HOBbIE HAHOIUIACTHUHBI;
MHOTOCJIOWHBIE YTJIEPOJIHbIE HAHOTPYOKH; YTIepOJHbIe HAHOBOJOKHA; MOJIHOJIE(HUHBI;

noJiuMepu3alys in-situ; KOMIO3ULMOHHBIE MaTEPHAIIbI.

BBeneHue B moJiMMephbl pa3IMUHBIX HAIMOJIHUTENEH MO3BOJSET MOJy4aTh KOMIIO-
3UTHBIE MaTEpHaJIbl C HOBBIM KOMIUIEKCOM CBOMCTB. YTJIEpOJHbIE HaHOMATEPHAIIBI
(YHM) Gnaromapss yHUKaJIbHOMY COYETAaHHIO CBOMCTB, TAKWX, KaK BBICOKAss MEXaHUYe-
CKasl IPOYHOCTb, BHICOKAsS AJIEKTPO- U TEIUIOMPOBOIHOCTb, BHICOKAsi THOKOCTh M HU3Kas
IUIOTHOCTb, SIBJSIIOTCSA NMEPCHEKTUBHBIM MaTepHalaMU Ul MOJTY4YEHUS] KOMIIO3UTOB Ha
ocHoBe nonuonedunos [1, 2]. Illupoko pacopocTpaHEeHHBIE METOBI BBEACHHS HAaHOHA-
MOJIHUTENIEH, Oa3UPYIOIIMECs HA METOAaX MEXaHUYECKOrO CMEIICHUS C pacljiaBaMH To-
JUMEPOB, UMEIOT CYLIECTBEHHBIE OIPAaHUYEHUS] OTHOCUTEIBHO COCTaBa KOMIIO3UTOB U
OJTHOPOJHOCTH TOJYy4aeMbIX KOMIO3UIIMK (KaK MpPaBUJIO, HAHOMATEpHaIbl CKJIOHHBI K
arJoMepaliu), Ipyu 3TOM OHU HE MOTYT OBITh MPUMEHEHBI K LEJIOMY PSIY MOJIUMEPOB.
MeToa MONMMMEPHU3AIMOHHOTO HAmoJHeHUs (moauMmepu3aiuu in-Situ) [3] mosBossier
MPEOOJETh 3T OrpaHUYEHUsI. DTOT METOJ 0a3upyeTcs Ha 3aKpPEeIUIeHUU KaTalln3aTtopa
Ha MOBEPXHOCTH HAIMOJHUTENS U MPOBEJICHUU MOJIUMEPHU3AINH C TIOJIYYeHUEM KaK roTO-
BBIX KOMITIO3UIIMOHHBIX MAaTEpUANIOB, TaK M KOHIIEHTPATOB (MacTepOaTdeil) /uis mocie-
IYIOIIEeTo pa30aBleHUs B MaTPHUIAX TOJTUMEPOB.

[Ipennoxxen opuruHaIbHBIA MeTOA [4, 5] 3aKperuieHus TATaH-MarHMEeBOro KaTau-
3aropa (TMK) anga nonumepusanuu 3TUIEHA HAa MOBEPXHOCTH YTIEPOIHBIX HaHOMAaTe-
puanoB (YHM) paznuunoil cTpyKTypbl (puc. 1) IpH UCIOJIB30BAHUU PACTBOPUMBIX CO-

CI[I/IHeHI/Iﬁ MarHusi.

A) Ucxomabie MYHT b) HTBuzl'I:iC|4.
Puc. 1. ISMBP uzo6paxxkenus o6pasnoB ucxogasix MYHT (A) u MYHT c nane-

CEHHBIM KaTanu3aTopoM nojumepusaiuu (b).
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[TokazaHo, YTO COEAMHEHHE MarHus 3aKPEIUIIIOTCA Ha CTPYKTYPHBIX JedeKTax
YHM (puc. 2, A), u nis popMupoBaHUs aKTUBHBIX KaTaIU3aTOPOB HE TpeOyeTcs mpe/i-
BapuTebHas (PyHKIIMOHATN3ALKS TOBEPXHOCTH. J{JIs1 OLEHKH COJepKaHMs TOBEPXHOCT-
HBIX JepexToB B pa3nuyHbix Y HM ucnonb30BaHO COOTHOLIEHUE MHTEHCUBHOCTHU MMHUKOB
D/G KP cnekrpax. [Ipu 3ToM Ha 0Opasiie Tpag)eHOBBIX HAHOIUIACTHUH, B KOTOPOM OTCYT-
CTBYIOT MOBEPXHOCTHBIE AedekThl (Muk D) u dyHKunoHanbHble rpymnmsl (puc. 2, b), ka-
TaIM3aTop MOJTUMEPU3ALNHI HE 3aKPETUISIETCS.

[Tpennoxxena cxema (opMUpOBaHMS MOTUAITHIICHA Ha TTOBEepXHOCTH YHM [6], oT-
JUYAIOMINXCS CTPYKTYPHBIMH XapaKTEPUCTUKAMHU U MOP(OJIOrHue (MHOTOCTEHHBIE YT-
nepoaubsie HaHoTpyOku (MYHT), nanoBosnokna (YHB)), B mpouecce monumepusanuu
In-situ, a TakKe BBIABICHA HEOOXOJWMOCThH JHUCICPTHPOBAHUSI MCXOJHBIX arperaroB
YHM nns monydeHusi KOMITO3UITHOHHBIX MAaTEpHUAIOB ¢ 00JIee OJHOPOIHBIM pacmpeie-
nenueM Y HM B nommmmepHOM Matpuie.

[Tokazano, 4To B IpoIiecce NOTUMEPU3AIINU In-Situ MPOUCXOAUT PABHOMEPHOE TI0-
kpbiTue nosepxHoctu MYHT u YHB pactyuum nonumepom (puc. 3).

[Ipu 3TOM MpOUCXOIUT YaCTUUHOE paspylieHue aramoMmeparos Y HM pacrymmm mo-
JMMEPOM, YTO TO3BOJISIET IOCTUTaTh OoJiee paBHOMEpHOTro pacnpeaeneHuss YHM B no-
JUMEPHOU MaTpuleE.

[Toka3aHa BO3MOXKHOCTb PETrYJMPOBAHUSI MOJICKYJISIPHOM CTPYKTYPBI MOJUMEPHOU
4acTU B KOMIIO3UTax Ha ocHoBe YHM myTem BappupoOBaHUs yCIOBUN NOJIMMEPU3ALUH.
MeTon 1mo3BOJSET MOMy4aTh KOMIIO3UTHI HA OCHOBE OOBIYHOIO U CBEPXBBICOKOMOJIEKY-

JIAPHOTO MOJIM3THUIICHA, COMMOJIMMEPOB 3TUJICHA U JPYTHUX HOJ'II/IOJ'Ie(l)I/IHOB.
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Moponorueit (A) u rpadeHoBbIX HaHOIACTHH (B).

267



8. Shm

B) Kommnozur 10.5 r [19/r MYHT | I') Kommosur 35 r [19/r VHB.
Puc. 3. COM uzobpaxenus oodpasznoB ucxoausix MYHT (A) u YHB (b), a takxke
KOMIIO3UTOB, MOJYYCHHBIX Ha UX OCHOBE METOJIOM nojumepu3aiuu in-situ (B u I', coot-

BETCTBEHHO).

bnarogapst ctabunbHOM U BbicokoM akTUBHOCTH TMK, 3aKkperuieHHbIX Ha MOBEpX-
Hocti YHM, noka3ana BO3MOKHOCTb peryiaupoBanus cogep:xkanuss Y HM B kommno3urax
U UX CBOMCTB (MeKTponpoBoAHOCTH). [lokpsiThie momumepom YHM Gonee paBHOMEpHO
pacripesieNngoTcss B IOJIUMEPHOM MaTtpulie [7], 4To mposiBiseTcs B YIydIIEHHBIX (HU3H-

KO-MCXaHUYCCKUX XAPAKTCPUCTUKAX KOMIIO3UTOB IO CPAaBHCHUIO C MCXOJHBIMHU, HCMO-

muduimpoBadHsiMu Y HM.
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carbon nanotubes for the production of composite materials by in situ polymerization
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COMPOSITE MATERIALS OBTAINED BY IN-SITU POLYMERIZATION OF
ETHYLENE ON TITANIUM-MAGNESIUM CATALYSTS FIXED ON THE
SURFACE OF CARBON NANOMATERIALS WITH DIFFERENT
STRUCTURES: FORMATION AND PROPERTIES.

ABSTRACT

An original method of fixing of a titanium-magnesium catalyst (TMC) for in-situ
polymerization of ethylene on the surface of carbon nanomaterials (CNM) of various
structures is proposed.

The possibility of regulating the molecular structure of the polymer part in compo-
sites and the CNM content by varying the polymerization conditions has been shown.
Polymer-coated CNMs are more evenly distributed in the polymer matrix, than pristine
CNMs. Composites prepared with polymer-coated CNMs demonstrate improved physi-
cal and mechanical characteristics, compared to the original, unmodified CNMs.

Keywords: carbon nanomaterials; graphene nanoplates; multilayer carbon nano-
tubes; carbon nanofibers; polyolefins; in-situ polymerization; composite materials.
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AHHOTANMUSA

[Tomy4yeHbl M UCHBITaHBI MPU MOJTYYEHUU YIIIEPOA-YIIIEPOIHBIX KOMITO3HIIMOH-
HBIX MaTepHaJiOB KaMEHHOYIOJIbHBbIE IEKH, MOIU(UIUPOBAHHBIE YIJIEPOJHBIMU
HaHOTPYOKaMH U TJIOOYJISIPHBIM HAHOYTIIEPOIOM.

KuiroueBrble cj10Ba: ek KAMEHHOYTOJIBHBIN; YIJIEPOAHBIE HAHOCTPYKTYPBI; IJ10-

OyJISIpHBINA HAHOYTJIEPO/I; YTIACPOI-yTIACPOIHBIM KOMITIO3UT.

Pa3zpaboTka mupokoil HOMEHKIATYPhI YTIAEPOIHBIX KOMIO3UIIMOHHBIX MaTepHa-
JIOB KOHCTPYKIIMOHHOTO U (DYHKIIMOHAJILHOTO HAa3HAYECHUS CBs3aHA C MPUMEHEHHEM
PAa3IMYHOIO BUJIA YTJIEPOIHBIX HAMIOJHUTEIECH HA OCHOBE YIJIEPOAHBIX BOJOKOH, TKa-
Hel, 00bEMHBIX APMUPYIOIINX KOHCTPYKIIMM, CIICIIUATBHBIX KOKCOB Pa3JIMYHOMN MPU-
poabl U criocoOoB noyueHus. [IpoyHocTh U Temopu3nueckue CBOMCTBA ATUX MaTe-
PHUAJIOB B HEMAJION CTENECHM 3aBUCAT HE TOJIBKO OT CBOWCTB HAIIOJHUTENS, HO U OT
KOKCOOOpa3yroIiel MaTpuilbl — KaMEHHOYTOJBHOTO IeKa, KOTOPbId oOecreunBaeT
CIIEKaHUE KOMIIO3UIIMHU, €€ MOHOJIUTHOCTb, INIOTHOCTh U MPOYHOCTH. [IpoBOAMMEIE B
TEUYEHUE TOCJIEIHETO NECIATHIICTHS aKTUBHBIE PabOThI MO MOJIU(DUKAIIMN TIEKOB pa3-
JUYHBIMU HAHOCTPYKTYpaMH: HAHOTPYOKaMH, HAHOBOJIOKHAMU, YJIbTPaIUCIICPCHBIM
HAHOYTJIEPOJOM, CBSI3aHBI B OCHOBHOM C HECTAOMJIBHOCTHIO CBOWCTB MPOMBIIIICH-
HBIX KAMEHHOYTOJIbHBIX MEKOB M3-3a MEPEX0J1a MHOTUX HPOMBILUICHHBIX TPEAITPHUsI-
TUM KOKCOXMMHMUYECKOTO MPpOodUsis Ha MIPOU3BOJICTBO NMEKOB HEMPEPHIBHBIM CIIOCOOOM,
YTO MPUBOJUT K HECTAOMIBHOCTU WX MO BBIXOAY JIETYYHMX MPOAYKTOB, KOMIIOHEHT-

HOMY COCTaBYy, BA3KOCTH, BBIXOAY KOKCA N CIICKAIOIINM XapPaKTCPUCTHUKAM.
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[IpiTasicb HOOUTHCS CTAOMIBHOCTH OCHOBHBIX XapaKTEPUCTHK (TEMIIEpaTypbl
pa3MsryeHus1, CoAepKaHusd KOMIOHEHTOB, HEPACTBOPUMBIX B TOJIyOJI€ U XUHOJIMHE,
KOKCYEMOCTH M BSI3KOCTH), MHOTHE IPOU3BOAUTENN MEKOB MPUXOAAT K pazOaiaHcH-
POBAaHHOCTH 3THUX IOKa3aTeNei, YTO CKa3bIBAETCS HA MX 3KCIUTyaTallMOHHBIX Xapak-
TEPUCTUKAX U MOKET IPUBECTH K HAPYIIEHUSAM B TEXHOJIOTMHU UX IIPUMEHEHUS U Ja-
’KE CKa3bIBACTCS HA KAYECTBE KOMIIO3ULIIMOHHBIX MaTEPHAJIOB.

B uncturyre AO «HUUrpadut» B TeueHne MHOTHX JIET BEAYTCS pabOTHI 1O
MaJOCEpUHHOMY ITPOU3BOACTBY KOMIIO3MIIMOHHBIX YTJIIEPOJ-YyTIEPOIHBIX MaTepua-
JIOB HA OCHOBE MHOTOMEPHOAPMHUPOBAHHBIX HAIOJHUTENEH, a TakkKe pa3padOTKH
TOHKO3EPHUCTBIX MCKYCCTBEHHBIX Ipa)MTOB M KOMIIO3UTOB Ha MX OCHOBe. Mcmoib-
3ysl ChIpbEBbIE MaTepuallbl (IIEKH, KOKCHI, YIJIEPOJHbIE BOJOKHA) HEOOJBIIUX MpO-
MBIIUIEHHBIX MAPTUHA, Mbl UMEEM BO3MOKHOCTH CIIELUAIBHON €ro MOArOTOBKH, YTO
CHOCOOCTBYET YJIYUIIEHUIO CBOWCTB M AKCIUTYaTal[MOHHBIX XapaKTEPUCTUK KaK Chl-
PBEBBIX MAaTEPHUAIIOB, TAK U TOTOBOM NPOAYKIMU. B pe3ynprare NpoBeACHHBIX HCCIIE-
JOBaHUM U UCHBITAHUM ObLI 3a()MKCUPOBAH YCTOMYMBBIN 3()(PEKT MOBBIIEHUS BBIXO-
Ja KOKca, CIIEKaIIUX XapaKTEepUCTHK OT BBEJICHUS B KAMEHHOYTOJIbHBIN MeK 100a-
BOoK «Taynut-Mpy, rmoOynsproro yriepoga GNC, momydeH maTeHT Ha HAHOCTPYKTY-
PUPOBAHHBIH MEK U cr1oco0 ero nmoiyuenus [1 — 3].

B nmanno#f pabote 00001IeHBI JaHHBIC MHOTOJICTHUX MCCIIEIOBAHUMN 110 OIpee-
JICHUIO BIMSIHUS crioco0a BBeIECHUsI MOAU(UIIMpYIOLIeH J0OaBKM HA CBOMCTBA MeKa U
YTJIEPOIHON MPOAYKIIMU Ha ero ocHoBe [2]. OCHOBHBIM M3 IOJYYEHHBIX 3(PGheKToB
MOXHO CUUTaTh O€3YyCIOBHO MOJOKUTEIBHOE BIMSHUE COBMECTHOIO HU3MEIbUYCHHS
KaMEHHOYTOJIbHOTO 1€Ka U BBOAMMOW HAaHOCTPYKTYPHOM 100aBKH U BO3JCHCTBUS HA
HUX 3JIEKTPOCTATUYECKOTO MOJISI C MOCIEAYIOIMINM IUIABICHUEM MOJIYYEHHOW CMECH.
Hccnenys cBoOMCTBa NEKOB, MOJYYEHHBIX IMPU MEXAHMYECKOM, YIbTPa3ByKOBOM
CMEIIMBAHUU C HaHOMaTepHallaMd C TOCIEAYIOUIUM HUX IJIaBJI€HUEM, HAHOMOAU(DU-
IIUPOBAHHBIX IEKOB, CMEIIAHHBIX C JI00OABKOW B JJICKTPOCTaTHYCCKOM Tose [4], oT-
METUJIU OOJIBLIYI0 OJHOPOJHOCTh MOAU(MUIIMPOBAHHBIX MEKOB, MOJYYEHHBIX C MPU-
MEHEHHEM JJIEKTPOCTATUKH IO TEMIIEPATYpe pa3MITrdeHus, 30JIbHOCTU U BBIXOY Jie-

TY4HUX IPOAYKTOB. B KOMIOHEHTHOM cOCTaBe MOJIU(PUIIMPOBAHHBIX MMEKOB YBEJIUYU-
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BAETCS COJEPKAHNE BBICOKOKOHJICHCUPOBAHHOM HEPACTBOPUMOW B TOJIyOJIE (-
dbpakuuu, TPUYEM TPU HKCIOIH30BAHUU DIIEKTPOCTATUYECKOTO METOAAa BBEICHUS
YHM st1ot 2 de