O®OTOPEIIOPTAX O 3AIHINUTAX
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KAK 3TO BbLJIO...

06.06.2017, BTOpHUK
1 |11.05 Boponun Oner Cepreesuu
2 |11.35 CyxopykoB I'puropuii AnexceeBuy
3 |12.05 Cunenko Mpuna JleonnaoBaa
12.35-13.05 | IlepepniB
4 113.05 Oxkarenko Banepwuii JImurpreBuy
5 |[13.35 Co6oiib Anekcanap I puropbeBud
14.05-14.30 | [loxBenenue UTOroB — 00CYXaeHHE pe3yabTaToB wieHamu [ DK
14.35 OOBsBIEHNE PE3YJIBTATOB IIEPBOTO JTHS 3AIIUT
07.06.2017, cpena
1 |11.00 Mopo3zoBa [lonnna AnexkcanapoBHa
2 |11.30 [Tony6osipunoB AHTOH CepreeBuy
3 |12.00 Ky3una Mapus AnekceeBHa
12.30-13.00 | IepepwniB
4 113.00 KopotkoB Poman ®enoposuu
5 [13.30 CynumoB AptéM Buransesuy
14.00-14.15 | IloxBeneHue UTOroB — OOCYXICHHE pe3yabTaToB wieHamu [ DK
14.20 OO0bsBIIeHNE PE3YIbTATOB BTOPOTO JHS 3aIlIUT
08.06.2017, yeTBepr
1 |11.00 Ycrunoa Mapuna Uropesna
2 |11.30 Wcemarnnos Kamune UnpmaTtoBuy
3 112.00 Pynnes [1aBen Oneropuy
12.30-13.00 | ITepepniB
4 113.00 Tpubynckas [lonuna AnexkcanipoBHa
13.30-13.55 | [loxBenenue uToros — oocyxaeHue pe3ynpraToB wieHamu [ DK
14.00-14.20 | OObsiBIECHUE PE3yIbTATOB TPETHEOT'O JIHS 3AIIUT
09.06.2017, naTaHuma
1 |11.00 BaneeB Anexkcannp Hukonaesuu
2 |11.30 biioxuna Anacracust JImutpreBHa
3 |12.00 I'ymuna Upuna MropesHa
12.30-13.00 | ITepepniB
4 113.00 Wnwsicos Jleornn Oneropuy
5 [13.30 ManoiinoB Anekceli ropesuu
14.00-14.15 | INoxBeneHue UTOTOB — OOCYXICHHE pe3yabTaToB wieHamu [ DK
14.20 OOBsBICHUE PE3yJIbTATOB YETBEPTOTO JIHS 3aIIUT
13.30-13.55 | IlogBeneHue nToroB — o0CyKAeHNE pe3ynbTaToB wieHaMu [ DK
14.00-14.20 | OObsBIEHUE PE3YIBTATOB YETBEPTOrO AHS 3ALTUT
[Tonsenenue wmroroB padotel 'DK. BeicTymenus mpencenatens u
unenoB ['OK, BeicTymeHus: npeacraBureneit anmuanctpaunu OHM,
BBICTYIIICHHS MTPEJICTABUTENEH OTCHIIMAIBHBIX pab0TOIaTeIIeH.




B 2017 r. ma 3ammuTax BBITYCKHBIX KBaJU(DHUKAITMOHHBIX PAaOOT HA COMUCKAHHE CTETICHH
OakanaBpa MmaTepuanoBeneHusi, kotopsie npoxomwiu 06, 07, 08 u 09 wmrons va ®HM MI'Y,
pabortana ['ocymapcTBenHas Dk3ameHannoHHas Komwuccusi mo HampaBieHUIO «XuMus, QpHU3NKa U
MEXaHMKa MaTepuajoB» BO IJaBe C mpeacenareiremM — wi.-kopp. PAH, ngokropoM xum. Hayk,
npodeccopom MOHX PAH I'exmanom Anekcanapom EdpumoBudem.

B cocrae 'DOK ®HM MI'Y 2017 r. paboranu: akagemuk PAH, noktop ¢wu3.-mart. Hayk,
npodeccop, 3aB. kapeaporr ®HM MI'Y HesneB Banentun Muxaitnosuy; wi.-kopp. PAH, moktop
texHud. Hayk, npod., UMET PAH bapunoB Cepreit MuponoBu4; ui.-kopp. PAH, mokrop xum.
HayK, rnmpodeccop, 3aB. 1aboparopueit xumuueckoro ¢-ta MI'Y Menuxos Urops ButanseBuy; ui.-
kopp. PAH, nokrop xuMm. Hayk, mpodeccop PHM MI'Y I'yaunun EBrennii AnexkceeBud; akaaeMuK
PAEH, noktop TexH. Hayk, mnpodeccop, 3aB. kadenpoi, MMUCHUC JlepamoB Esrenunii
Anekcanaposud, wi.-kopp. PAH, nokrop xum. Hayk, mpodeccop, ®HM MI'Y Jlykamun Anekceit
BukTopoBuY; HOKTOp XUM. HayK, podeccop, 3aB. Jabopatopueid xumudeckoro ¢-ra MI'Y Kaynp
Aunnpeii Padaunosuy; noktop ¢us.-mar. Hayk, npodeccop, ¢uznyeckoro ¢p-ra MI'Y Ckunerpon
EBrenutii [TaBnosuy; un.-kopp. PAH, nokrop Texs. Hayk, 3aM. qupexkropa UMET PAH no nay4Hoi
pabote Konmakos Aunekcell ['eoprueBuy; 10KTOp XUM. HayK, rpogeccop xumuyeckoro ¢-ra MI'Y
UYyparynos bynatr PaxmeroBuu; mokrop xum. Hayk, 3asenyroomuid LIKII MOHX PAH Kenxo
Banepuii AnexcanapoBud; JOKTOp XHM. Hayk, mpodeccop xumudeckoro ¢-ta MI'Y Jlucuukun
I'eopruii BacunbeBuu; uin.-kopp. PAH, nokrop xum. nayk, mupektop MOHX PAH WBanos
Bnagumup KoHcTaHTHHOBUY; TOKTOp XMM. Hayk, mnpodeccop, PHM MI'Y Kuotbko Anexcanap
BanepbeBuu; kana. gus.-mar. Hayk, goueHT ®HM MI'Y Knumonckuii Cepreit Onerosud; 10KTop
XMM. Hayk, mpodeccop, 3aB. jabopatopuei xumuueckoro ¢-ta MI'Y Vcenenckas HWpuna
ANeKkcaHApOBHA; JIOKTOP XHMM. HayK, B.H.C. Xumuueckoro ¢-ta MIY Hlusaxtun Oner
AnexcaHapoBHUY; KaHJ. TEXH. HayK, NOLEHT, 1upekTop OO0 «MboiiepToH MHxnHUpUHD» ManbkoB
Muxaun ApkanbeBuy, KaHJ. XUM. HayK, JOLEHT, xumuuyeckoro ¢-tra MI'Y IlyrnseB Banepwuit
WBanoBuy; kana. xuM. Hayk, goueHT ®HM MI'Y BpeuieB Oner AnekcaHApoBHY; KaHJ. XHM. HaYK,
npenogasatens, MHctutyT mexanuku MI'Y @ununmos fpocnas FOpbeBud; KaHI. XUM. Hayk,
noueHt ®HM MI'Y TapmeB Anekceét Buxtoposuu; cekperapp [OK ®HM MI'Y, kana. TexH.
HayK, c.H.C. xumuueckoro ¢-ta MI'Y, nouent Cadponosa TaTesina BukropoBHa.

B 2017 roay xBanu@ukannoHHble pabOThI MO CIENHMATBHOCTU «XUMUS, (PU3MKA U MEXaHHUKA
MaTepHagoB» 3alUTHIN 19 cTynenToB OakanmaBpuarta. M3 3amuiiaBIIuXcsi BCe CTYACHTHI UMEIH
ny6siukanuu (Bcero 122, u3 Hux 11 crareif). OeHKY «OTJIIMYHO» MONYYMIH 17 CTYyI€HTOB, OLIEHKY
«XOopomo» - 1 CTyJE€HTKa, OLEHKY «yIOBIETBOPUTEIBHO» - 1 CTYIEHT.

Junnomel ¢ ommuueM nonyuunan MnesicoB Jleonun OmeroBud; Cobonb Anekcanap
I'puropseBuy; Okarenko Banepuii ImutpreBuy.

['ocynapcTBeHHass SK3aMEHAI[MOHHAs KOMHUCCUSI OTMETHia 4 KBaIM(UKAIIMOHHBIX pabOThI
M0 CHEIHUAIbHOCTH «XMMHs, (U3MKa U MeXaHHKa MaTepuaioB». JTo paboTsl CuHeHko MpuHb
JleornnoBubl, CyxopykoBa ['puropusi AnexceeBwda; Mopo3oBoii [lomuHbl ANeKCaHAPOBHBI H
brnoxunoit AHactacuu JIMUTpHUEBHBI.

Jumnomamun MMOHX PAH Owpiin otmedensl pabotel CuHenko HWpunHbl JIEOHUIOBHHI,
Ky3unoit Mapuu AnekceeBHbsl, Mopo3oBoii [lonunas! AnekcaHIpOBHBI.

Axanemuk PAH Uesnes Banentnn MuxaiiioBu4 Bpydus TpaMOThI M IIEHHBIE NTOJAPKU OT
UMET PAH Cunenko Hpune Jleonnnone, CyxopykoBy ['puroputo AnekceeBuuy u Ky3uHou
Mapun AnekceeBHe.



COCTAB I'OCYJAPCTBEHHOM DPK3AMEHAIIMOHHON KOMUCCHH B 2017 .

I'exman Anekcannp Edumosnd un.-kopp. PAH, nokrop xum. Hayk, mpodeccop,
NOHX PAH — npexacenarens ['DOK ®PHM MI'Y 82017 r
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bapunos Cepreit MupoHOBHY, WI.-KOPP. PH, JIOKTOP TEXH. ﬁayK, npodeccop,
NMET PAH
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I/IGBJ'IB Banentnn MuxaitioBud, aKa;[eMn PAH, noktop (bH3.-MaT. HayK, mpodeccop,
3aB. kagpeapoit, DHM MI'Y // npodeccop, Boponexckuii ['Y

MemuxoB Urops BuranseBuy, 4i.-kopp. PAH, noktop xuMm. Hayk, mpodeccop,
3aB. Jlaboparopueit, xumuaeckuit G-t MI'Y




I'ynunma EBrennii AnekceeBud, wi.-kopp. PAH, noktop xuMm. Hayk, ipodeccop,
3aB. kadeapoit, DHM MI'Y // c.n.c. MOHX PAH

Jlykammn Anexceit Buktoposud, wi.-kopp. PAH, nokrop xum. Hayk,
npodeccop, PHM MI'Y // B.H.c. MIOHX PAH
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JleBamoB EBrennii Anexcanaposud, akagemuk PAEH, nokrop TexH. Hayk, nmpodeccop,
3aB. kadeapoit, MUCHC

Kayne Annpeit PadannoBuy, qoKTOp XUM. HayK, ipodeccop, 3aB. néiéopapoHeﬁ,
xumudeckuit -t MI'Y // mayunsrit pykoBogutens 3A0 "Cymnepokc"
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CkunerpoB Eprenutii [1aBinoBud, 1okTop ¢u3.-MaT. HayK, nmpodeccop,
¢buznueckuit p-r MI'Y
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UyparynoB bymnar PaxmeToBud, 1oKTOp XUM. HayK, mpodeccop,
xumudeckuii ¢-t MI'Y



Konmakos Anekceii I'eopruesny, ui.-kopp. PAH, nokrop TexH. HayK,
3am. nupekropa UMET PAH no nay4noii padote

Keuko Banepuii AnekcanipoBud, JOKTOP XUM. HayK,
zaBenyrommii LIKII MOHX PAH
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Jlucwukun ['eopruii BacunseBud, JOKTOp XUM. HayK, Tipodeccop,

3aB. jaboparopueil, xumuyeckuii ¢-t MI'Y
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Kuotpko Anexcanap BanepbeBud, TOKTOp XUM. HayK, npoq)eczop, OHM MI'Y
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WBanoB Bnagumup Koncrantunosuy, wi.-kopp. PAH, nokrop xum. Hayk,
nupektop MOHX PAH
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VYcnenckas Mpuaa AnexcaHapoBHA, TOKTOP XUM. HayK, podeccop,
3aB. Jlaboparopueit, xumuaeckuit G-t MI'Y
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Knumonckuit Cepreit OneroBud, kaui. ¢pus.-mar. Hayk, goueHt, ®PHM MI'Y
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ManbskoB Muxann ApkagbeBuy, KaH]I. TEXH. HayK, JOLICHT,
nupexktop OO0 «MbaiiepTon UHAKUHUPUHT

[TyrnsieB Banepuii FiBanoBuu (cneBa), KaHA. XUM. HayK, TOLEHT, XuMuyeckuit -t MI'Y
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bpeuies Oner AnekcannpoBud, KaHj. XUM. HayK, poueHt, PHM MI'Y

v f v & 7 s w . o
lapmes Anekcelt BuktopoBud, Kauj. XUM. HayK, noredat, ®HM MI'Y //
c.u.c. UMET PAH

14



Owmnnos Spocnas FOpbeBud, KaHJ. XMM. HayK, IIPENIOAABATED,
Nucturyr mexanuku MI'Y

Cadponosa TaTbsiHa BPIKTpOBHa, KaHJ. TEXH. HayK, JIOLEHT, C.H.C.,
xumudeckuit -t MI'Y — cekperaps [OK ®HM MI'Y,
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I'pynna noaaep:kku MeponpusiTus

CanpxkonoB beania MyknM:KOHOBHY
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Jlatunos Erop BukropoBuu

OpJaoB Hukosait KoHCTAaHTHHOBUY
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CaspiknHa Oabra AjiekceeBHa
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Boponnn Ouier CepreeBuy4
https://istina.msu.ru/profile/Nutscracker/

MockoBckuii rocyaapcTBeHHbIV yHUBepcuTeT uM. M. B. JlomoHocoBa
QakynbTeT HayK 0 MaTepuanax

NabopaTopua HEOPraHUUeCKoro MaTepuasioBeaeHns
Kadeapa HEOPraHNYECKOn XMMUN

QDOTOHHbIE reTepoCTPYKTYpbl Ha
OCHOBE aHOAHOI0 OKCUAA a/IlOMUHMUA

O.C. BopoHUH

HayuHbIn pykoBoAUTENb:
K.X.H., B.H.c. K.C. Hanonbckui

MockBa, 2017
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PykoBoautens: K.X.H., B.H.c. Hanonsckuit Kupun Cepreesuu
MI'Y, Xumuueckuii paxynbrer, Kadenpa neopranndeckoit xumun, Jlaboparopust

HCOPIraHUYCCKOro MaTCpruaIOBCIACHHUA

Penensent: k.x.H., c.H.c. lpoxokud Oner Auapeesud, Kabemnpa snekrpoxumum,
Xumnueckuit Gpaxynsrer MI'Y
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CyxopyxkoB I'puropuii AjnekceeBu4
http://istina.msu.ru/profile/Grigoruar/

CuHTE3 3ameLl,eHHbIX MPOU3BOAHbIX
aHuoHa [B,,H;,]> m
n3yyeHMe OPUEHTALLMOHHOIO BANAHUA
BBOAUMBbIX rpynn

Cyxopykos " A.

Pykosogutenu:
A.X.H, npod., akagemunk PAH ConHues K.A.
K.T.H. YepHasckui A.C.

Mocksa, PHM MY, 2017
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K.T.H., ¢.H.C. YepHsaBckuil Anapent CTaHucIaBOBUY
HNMET PAH, JIabopartopus Ne 27 HOBBIX TEXHOJIOTHH KEPaMUKH
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Penensenr: k.1.H., c.H.c. TuroB mutpuii Jmutpuesuy, Jlabopatopus Gpu3nko-xuMnyeckoro

aHayn3a kepamudeckux Marepuanos, UMET PAH
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Estimation of continuity of electroactive inorganic films based on
apparent anti-Ohmic trend in their charge transfer resistance

@ Crosshiark

Maria A. Komkova®, Elena V. Karpova®, Grigory A. Sukhorukov?®, Alexey A. Sadovnikov®,
Arkady A. Karyakin™®

“ Chemistry Faosiry of MLV, Lomonosoy Masoow Staie Universicy, TT95959, Masoow, Fussio
B yritute of Gemeral and Weorganic Chemisiry, Russian Acad. Sci, 115991, Mascow, Russia

AETICLE INFO ABSTRACT

Anticle hisrory:
Receiwed 13 July 2016
Reveived in revised fonm 27 September 2016

Accepied 3T Seprember 3016
Available online 28 September 2006

We report on the microscopy=free, pure electrochemical approach for estimation of the contimuity of
electrosctive inorganic films Impedance spectra of the transition metal hexacyanoderrate films,
electrochemically deposited under the optimized conditions, have been Atted to the Randles-type
equivalent circuit, complicated by diffusion impedance with reflective boundary conditions, connected in
series to the charge transfer resistance. An apparent anti=Ohmic trend is revealed in the sharp decrease of

Keyrards: the latter with an increase in amount of the deposited inorganic Alm commonly presuming its thickness.
bexacyanolerrae Aszigning charge F e to the r ce of the electrodeffilm interface, its chserved
Praeceian, Mine decrease with subsequent saturation is explained in terms of an increase of the interface area until the
mmped!an.ne for res entire electrode it covered with the imorganic film completely. Scanming electron micrascopy [(SEM)
comtinuiny confirms the “anti=Ohmic® and saturatson regions correspand to the partially covered and Fully covered
electrode surfaces, respectively. The dependence of charge transfer resistance on the amount of the
deposited film thus provides an estimation of the continuity of inorganic flms, which is highly important
m a view of their practical applications. Except for cost efficiency, micrascopy=free toals are atfractive

because in some cases, for instance for recessed electrodes, microscopy is hardly applicable.
& 2016 Elsevier Led. All rights reserved.
1. Introduction transition metal hexacyanoferrates being silent in the electro-

Electroactive inorganic films immediately after discovery
electroactivity of Prussian Blue [ 1-3] attracted a specific attention
due to their unique properties. Among them transition metal
hexacyanoferrates have already found wide use in analytical
applications |4]. Of particular interest Prussian Blue is thought to
be advanced electrocatalyst for hydrogen peroxide reduction: in
neutral aguesus media, favorable for applications in life science as
well as for biosensors, Prussian Blue is three orders of magnitude
more active (in terms of 1000 times higher electrochemical rate
constant) providing three orders of magnitude improved sensitiv-
ity of the corresponding sensors, and three orders of magnitude
maore selective compared to the commonly used platinum [4].
Mano-structuring the electrocatalyst onto an inert electrode
supports resulis in elaboration of the electrochemical sensor with
outstanding performance characteristics |5,6]. Despite non-iron

* Corresponding author ai: MUV, Lomonosov Moscow Scate Universicy, LeninHills,
Moscoe 119991, Russia.
E-mall addrecs karyakin®analyi.chem. msu.ru (AA Karyakin].

Bitcpcljdi dol org 100106 ) electacta 2016090145
D013-463540 206 Elsevier Lid. All rights resenved.

catalysis of Hz0; reduction | 7], they serve as excellent matrixes for
stabilization of Prussian Blue providing =super-stable™ sensors [E].

Wide practical applications of transition metal hexacyanofer-
rates initiated an interest to study their fundamental properties,
particularly charge transfer peculiarities. Prussian Blue is true
redo film displaying at its redox potential (i) the highest
conductance in terms of both maximum conductivity and the
largest electron diffusion coefficient [9), (ii) the lowest charge
transfer resistance at the electrode-film interface [10], as well as
(i) the maximum capacitance [11]. The latter was proposed to
estimate the thickness of Prussian Blue film [12]. Impedance
inwvestigations were carried out also for cupric [13], cobalt [14] and
nickel [15] hexacyanoferrates. We note that, transition metal
hexacyanoferrates used in certain impedance studies |10,13,15,16]
were, according to their cyclic woltammograms, of non-regular
structure or even poor quality.

Accordingly, initial objective of the present study was to
inwvestigate charge transfer properties of electroactive inorganic
films, synthesized under optimal cenditions achiewing their
regular structure with the highest catalytic activity andor stabiliny.
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Cunenko Upuna JleonngoBHa
http://istina.msu.ru/profile/IrinaSL/

’ Kadeapa paanoxummuu rH1

Xumuyeckuit oakyAbTeT MIY umenn M.B.AomoHocoBa

Nabopatopus pagnodapmaLieBTUHECKON XMMUK

BblaeneHue 22°Ac/?3Biun
KomnaekcoobpasosaHue Bist
aMUHOKaPOOKCUNATHBIMMU TNUTaHAaMM

CuHeHKo UpuHa /leoHUdo8Ha

Pykosodumenu: acn. OcmaneHko B.C.,,
yneH-kopp. PAH Kanmeikos C.H.
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MI'Y, Xummnueckuii pakynbret, Kadenpa pannoxumun, Jlaboparopus paanodapManeBTHIECKUX IPETIapaToB
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Penensent: k.x.H., H.c. SIkoBieB Pycnan IOpreBuuy,
JlaGopatopus paguoxumuu, 'EOXU PAH

k.Xx.H. Eroposa baiiupra BinagumuposHa (cinea)
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Sorption of protactinium(V) on extraction chromatographic resins
from nitric and hydrochloric solutions

V. Ostapenko - L Sinenkn” - E. Arefveva'
B. Zhuikov® - 5. Kalmykov'~

Received: 6 July 2016/ Published online: 12 September 316
@ Akadémiai Kisdd, Budapest, Hungary 016

Abstract Retention of Pa{V) on the extraction chro-
matographic resins (DGA, TRU, TEVA, UTEVA and
octanol resin) produced by Triskem International Com-

pany has been studied. The capacity factor & values of

FPa{V) were determined in static experimenis (batch
technique) for a wide concentration range of nitric and
hydrochloric acid solutions. The obtained data are useful
to devise chromatographic separation of Pa(V) from other
actinides.

Keywords Capacity factor - Protactinium -
separation - DGA - TEVA/UTEVA - TRU

Radionuclide

Introduction

Protactinium has a wide spectrum of applications. For
example, the **!py™ Th ratio may be used for evaluation
of migration processes in deep water circulation in Atlantic
Ocean, providing a link between climate change and the
rate of mendional circulation [1]. Pa is adractive for
geology [2—4], nuclear forensics [5, 6). Recently the

[ . Ostapenko
uslapenkochem @ gmail.com

" Lomonosov Moscow State University, Leninskie Gory 1,
Boscow, Russia 11999]

*  Institute for Nuclear Research of Russian Academy of
Sciences, Gillth Ociober Anniversary Prospect. Ta, Moscow,
Fussia 117312

' MNational Besearch Center *Kurchatow Inslilute” (NEC
“Kurchatov Imstitute™), pl. Akademika Kurchatova, 1.
Boscow, Russia 1230408

interest in application of by for nuclear medicine has
been demonstrated.

*30py partially (branching ratio is 7.8 %) decays to ™11,
which has a potential for targeted alpha-therapy (TAT)
[7. 8] due to the decay chain of By providing multiple
alpha-particle emissions. L] may be wtilized directly or
as a parcnt of ®*Th (T2 = 31 min) in a generator system.
However, resources of 2 'Fa production are limited. One of
the most perspective methods is irradiation of natural Th by
protons. In [9] estimated the production yield for "Pa
based on cross section measurements. It was shown, that
clinically relevant amounts of “°U can be produced at
lower (<40 Me¥) proton energies. At (T0-200 MeV)
energics B can be produced together with iac and
3pa which are regarded as the most promising algm
cmitting radionuclides for TAT application. Besides
23R4 and PPa* M the irradiation results in the rlJ:I'I'I'l.B.l:IIII'I
of a large number of spallation and fission products
including lanthanides needed to be eliminated.

Separation methods liquid-liquid extraction and jon
exchange chromatography are usually used for isolation of
Fa radicisotopes. Extraction behavior of ThiIV), PalV),
Uiy and Np(VI) from mineral acid solutions by inlaw-
rylamine (TLA) was investigated in [10]. It was shown,
that ThilV), Pa(¥), U{VI) demonstrate low distribution
cocfhicients (<0.1}) at high concentrations of Hy50,.
Addition of HCl and HBr to H;50), solutions enhances
significantly the extraction of these elements. The authors
[11]) studied the extraction of Pa(V) by tributylamine
(TBA) from oxalic, tartaric and phosphoric acid solutions.
It was shown that Pa(V) may be effectively separated in a
form of oxalic complex. Pa(V) is also quantitatively
extracted by di-{2-cthylhexyl)phosphorc acid (HDEHF)
from chloric and hydrochlonc acid solutions [12].

£} Springer
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Oxartenko Bajepuii IMurpueBuy
https://istina.msu.ru/profile/vok1995/

daKkynbmem HayK o Mmamepuanax
Mry um. M.B./lomoHocosa

OKcuaHble coeguHeHus ¢
TeTPasApPUYECcCKUM OKpy*KeHnem d-
MeTan1a ANA SN1eKTpoKaTanmsa peakumi
C y4acTMem Kucaopoaa

CryneHT 4 Kypca
OkaTeHKo Banepui
Hay4Hble pykoBoauUTenu:
K.X.H., H.C. KupcaHoBa M.A.

K.X.H., C.H.c. ABakymos A.M.

Mocksa, 2017
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PykoBoautenu: k.X.H. KupcanoBa Mapust AnekcanapoBHa, K.X.H. AGakymoB ApteM MuxaitnoBuy
MI'Y, Xumnuecknii pakynbret, Kadenpa Heopranndeckoit xumun, JlabopaTopust HEOpraHNn4eC KO KpUCTATIIOXUMHUH
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MOCKOBCKWUM rocy4apcTBEHHbIN YHUBEPCUTET M. M.B. JTomoHOCOBa

daKynbTeT HayK 0 MaTepuanax

ﬂaﬁopaTopMﬂ XUMUN KOOPAUHAUUOHHDBIX coeauHeHUA

Ponb pekpunuctannmsauumnun B ripouecce rnoJay4yeHuma
3AMUTAKCUAJIbHbBIX NMIEHOK ANOKCUAA BaHAAUA C PE3KUM
nepexoaom AN3TEKTPUK-MeETaNIN

Cobonb AnekcaHgp Mpuropbesuny

PykoBogutensb:

K.X.H., H.c. Makapesu4 A.M.
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Mopo3zosa IonuHa AJjiekcaHAPOBHA
http://istina.msu.ru/profile/Polina A.Melnikova/

JWOCKOBCKHﬁ rocyapCcTBeHHBIH YHUBepcUuTeT uM. M. B. JlomoHocoBa

dakysbTeT HayK 0 MaTepHasax
Kadghedpa HeopzaHnuveckol Xumuu

Jabopamopus HeopeaHU4ecko020 MamepudaosedeHus

CO3JAHUE MEMPUCTOPOB HA OCHOBE
[INIEHOK AHOZAHOI'O OKCHU/ZA TUTAHA

Mopo3zoBa [lonnna AnekcaH/IpoBHA
cTyfieHTKa 4 kypca PHM

HayuHbii pyKOBOAUTEE:
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um. M. B. JlTomoHocoBa

daKynbTEeT HayK O MaTepuanax

Bnusinne fo6aBoOK NepxnopaToB U Lenoyen Ha
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pacTBopax 6yTunara TuTaHa

Bbinonuun:
Mony6ospuHos AHTOH Cepreesuy,
CTyAeHT 4 Kypca

HayuHbli1 pykoBoauTenb:
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Yapees OMUTpUI ANEKCaHOPOBMY  nonsscsarens

WHCTUTYT SKCNEPUMEHTANBHON MUHepanorun PAH
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The amorphous phase in titania and its influence on photocatalytic

properties
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VA Lebedev?®, D.A Kozlov®, LV. Kolesnik®, AS. Poluboyarinov®, A E. Becerikli®,

W. Griinert”, A.V. Garshey <+

4 Frcmalty of IWarerials Soience, Lomonasow A Seate I ¥ , Rarorky
® Laboramry of Industrisl ChemisiTy, Rufr-University Bechum, Bochum, Germany
* Bailoow Institure of Meraifurgy and Marerisi Scence RAS, Moscow, Russio

ARTICLE INFO ABSTRACT

Arvicke hisrary:
Received 15 Februsary 2016
Received in revised form 25 April 2016

Accepred 3 May 2016
Available online 7 May 2016

In the present work, we compare the photocatalytic activity (PCA) of titania samples normalized to the
sample weight and specific surface area (554), and show a correlation between the PCA of taniacatalysts
with similar phase compositions and amorphous phase contents. In our shisdies, we usad the commer-
cial samples, P25 Evonik {formerly Degussa) Hombikat U100, and pr b
Catalysts with a significant amarphous content were annealed and processed by p.'lrtu.'l dissabution in
acid and included in the i.l'l.'ll]l’n.i. PCA was measured by methyl orange (M0] photodegradation in an

titandia.

Titanda i) catalyst n under high=p Hg bulb illumination and the pH was controlled wsing
Crystallinity p}vn-rplulrbl.d'l:rqu Eﬂ}.'l'.hewngl'lt percentage of the arnm'E}vml.:pluse m:delmnme.d using rE:I'Er\-
Amorphous titania enoe intensty ratios ( RIR) for X-ray diffraction pattems of the titania samples measured with crystalline
Photocatalytic activity silicon additives. The reprod ucbility of the proposed method was demonstrated by measuring the amor=
HRD phows content in mixtures of the sample and XRD-amorphous ttanda. The contributsons of amorphous
titanium oxchydroxides Toly_g sg{0H )y -xHz 0 and water physically adsorbed to the amorphous phases
were distinguished by thermogravimetric analysis. The obtained results show that the PCA of the titania
samples decreases with the weight percentage of the amorphous phase, as low as 5% of the PCA of P25
in the case of o, (Ted: )= 25X, It was demonstrated that the partial removal of the amorphous phase by

annealing or dissolution in nitric acid leads to a significant increase of PCAC
D 2016 Elsevier BY. All rights reserved.
1. Introduction the PCA of TiO, with a high surface area are controversial. It was

The photochemical properties of titania are extensively soud-
ied due to its use in many practical applications, such as air and
water purification, solar cell production, and water photolysis [1].
The following characteristics of ritanium dioxide are usually con-
sidered key factors that lead to high photocatalytic activity (PCA)
[1.2]: high surface area | 3], high concentration of surface hydroxyls
[4-7], optimal particle size [§-11], and high crystallinity [3,12-14].

The particle surface area is one of the key factors affecting PCA
because photocatalytic processes on semiconductors are heteroge-
neous by nature and involve the surfaces of photocatalysts. On the
other hand, high surface area is usually associated with low crys-
tallinity and a high concentration of defects. The current data on

Science, L Moscore Stae

* Corresponding author stz Faculty of
Uniwversicy, 115291 Moscow, Russia.
E-mail oddress: garsheviinorg.chemmsu.ru (AW, Garshev)

heip:{fde dodorg 10U 1D E]].apcaih 2016 05,000
1926-33T3 0 2016 Elsevier BV, All rights reserved.

demonsirated in |3] that TiO, with a specific surface area (55A]) of
230 m? /g has a higher PCA than commercially available Tio, (P25,
50m?/g). In contrast, commercially available pure anatase Hom-
Dbikat UV 100 with an 55A of >300m? g shows significantly lower
PCA than P25 [15], despite its higher S5A.

The TiD; photocatalyst with a higher surface area may have a
lower PCA for the following reason. In a few articles it was demon-
strated that P25 has high crystallinity (<15% of XRD-amorphous
phase) | 16,17], whereas Hombikat UV 100 has a significant amount
of XRD-amorphous phase and a complicated microstructure [15]
Therefore, the differences in PCA may be explained by variations
in the amorphous phase content. According to the literature, the
amorphous phase is not photocatalytically active because of its
high concentration of structural defiects [1,12.18]. Only one excep-
tihon from this trend was found | 19]; but in this particular case, PCA
was measured in the presence of strong acids. Therefore, the amsor-
phous component would have had no impact on the PCA if it was
dissolved.
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Ky3nna Mapus AjiekceeBHa
http://istina.msu.ru/profile/mariyakuzina/

MI'Y umenn M.B.JloMoHOCOBa

QakynbTeT Hayk o MaTepuanax

DHM MY

CuHTe3s nopouwkoB ¢ocdaToB
KaNibLMs B HEBOAHbIX cpeAax ans
MU3roToOBJIEHUS OCTEOKOHAYKTUBHOM

pe3opbupymon 6uokepaMmkm

Ky3unHa Mapusa AnekceeBHa

HayuHble pykosoauTenu:
uHX. JlapnoHos /[1.C.
fou., K.X.H. Nytnses B.W.

Mocksa, 2017 r.
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Koporkos Poman ®epopoBuy
http://istina.msu.ru/profile/R.Korotkov/

MOCKOBCKUIA rOCyapCTBEHHbIV YHUBEpcUTeT MMeHn M.B. J/lTomoHocCoBa
Xumunueckuii parynbteT
Kadenpa xumnyecKoit TEXHOOTUM U HOBbLIX MaTepuasnos
JlabopaTopua TEOPETUYECKUX OCHOB XMMUYECKOI TEXHONOrUM

CUHTE3 1 noAMmMepu3auma NerkoniaBKmx
PTANOHUTPUABHBIX MOHOMEPOB,
cogepawmx Si-O-Si pparmeHTbl

e s e Ko o

HayuHbli1 KOHCYNBTAHT: Hau. rP. 0TA. 14, K.X.H. KupeeHko M.M.

(®ryn «®LAT «Coto3»)
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BoWHTH B cHCTEMY

NCTVHA

MHTennekTyansHas Cuctema Tematudeckoro MccnegosaHna HAYKOMETPUYECKMX A8HHBIX
MaeHas Monck CramucTuka O npoekre Mowmowe

KenmaH Anekcei BanepbeBUY  nonsaosarens

MY uMenn M_B. NloMoHOCoBa, XMMUYECKHiA (akynsTeT, Kadenpa XMMUYECKOR TEXHOMNOMMK M HOBBIX MaTEpPUanoB. BeayLLui
HayYHEIA COTPYAHUE, ¢ 4 MapTa 2002

KaHOMAAT XMMUUECKUX Hayk ¢ 2006 roga

ompasnTE

cooBluenne CoaeTopbl: BabkiH A.B., ABgees B.B., Bynrakos B.A., AGnokoea M.KO ., CononyeHko A.B., Manaxo A.T.. MacaHosa .1,
“YunuHrapos H.C.. Craopos J1.H., Cynumos A B, CenesHes A H_, Mopo3os B.A., TONOUH A KD noxsssrs nanwacrss
54 cTaTen, 40 AOKNAA0B Ha KOHDepeHUWAX, B Te3UCOoB A0okNanos. 8 HWP, 30 naTexToB, 3 aMccepTaumn, 7 QUNnoMHelx pacoT, 10
y4edHbIX KypC OB
KOnMuecTE0 UMTHPOBEHKIA CTATE B XypHANAX No A3HHEIM Web of Science: 78, Scopus: 95
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© 2017 Dual-curing thermosetting monomer containing both propargyl ether and phthalonitrile groups
Bulgakov B.A., Sulimov AV, Babkin AV, Kepman AV, Malakho A.P., Avdeev VV.
B¥ypHane Journal of Applied Polymer Science, naaatensctso John Wiley & Sons nc. (United States), Tom 133, ¢. 44786 DOI
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Bulgakov Boris A, Sulimov Artem W, Babkin Alexander V', Afanasiev Dmitry V., Solopchenko Alexander V., Afanaseva Ekaterina S., Kepman Alexey V.
Avdeev Viktor V.
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2017 Hydrolysis rate constants and activation parameters for phosphate- and phosphonate-bridged phthalonitrile monomers under
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Belsky Kirill S., Sulimov Artem V,, Bulgakov Boris A., Babkin Alexandr V., Kepman Alexey V.

B¥ypHane Data in Brief, Tom 13, ¢. 10-17 DOI

PykoBonurenu: k.X.H., B.H.c. Kennman Anekcell Baneppesnuuy,
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AKIMBHO yyacTByeM U pa3BUBaEM KOCMUYECKUE M

HanpaBneHus pa6or

= O npeanpusTMM

=  PyKoBOACTBO

= WUctopus

=  CTpyKTypa npeanpustus

= OCHOBHble HanpasneHus
Mpoaykuusa AesTenbHOCTM

= LleHTp KoMneTeHummn

= YyeHblii coseT

= PexBM3NTbl N yupeauTe/bHbIe

BuiBoibt copMYTHPOBAHL NAKOHHMHD M CONepikaT PeKOMEHIALMH IO JaTkHeHwe

HCTIONB30BAHHIO IOy HEHHBIX PEXY L TATOR.

[IpHBIHNMATLIEX 3aMesanmit 1o PadoTe HET, €CTE HEKOTOPLIE TIOKENAHHA:

SULIABHOH NOATOTARNHBATH MHTATENR K BOCHPHATHIO HH{OPMALHH

ICHIO BROMA TEPMUHONOTHIO, XAPAKTEPHYH) A JAHHOTO HATPa

EHHA HEC/1EI0BAHHS,

= B 3KCHCPHMEHTANBHON YACTH, IIPHBCISITNLIE CTPYKTYPHBIE GOpMyNEl MokHO Owto Grl
COMPOBOINTE HYMEpaLHeH;

- AHTOD  HEMOMb3YCT  HEOCTIOPMMYIO, INMPOKYE) —JOKAIATENbHYIO 6aly B cpoeid
IKCNEPHMCHTANEHOR paloTe — COBPEMEHHLIE METO/IE! (hHIMKO-XHMHMCCKOTO aHans, Ho NOYEMY-TO
UPCHEDPrAET ONPEIETITHEM TEMICPATY B (UIABIEHHUS A N0/ UCHILIX TBEPALIX COSTHHEHMI,

VKEANNLIE JAMEUAHNA HOCAT PCKOMEINIATE bHbI XKAPAKTEP M HE CHHMXAIOT BECOKODO
HAYHUHOTO W TEXHOJOTHYSCKOT) YPOBHA NPEICTanIcHiol paborsl.

Peuennpyemas  padora Koporkopa Pomana Meioposmda  noisoctsio COOTBETCTEYCT

TPefOBAHMAM, TIPE/TRABIMEMEIM K BEIYCKHON KBaTHukansonnoi padore Gakananpa, W 3aci1yAuBaeT
OUCHEH «OTJH4HO», d € aBTOp — NPHCBOSHHA Keainduxaiiy Gaxalispa MaTepHATOBEISHHA MO

nanpasrenno 04.03.02 « Xunvms, Grznka 1 Mexannka MATEPHATOEY.

Peuensent,
KAHIHIAT XHMHYECKHX HayK,

HAYANBHHEK FPyTILT

DIYIT ebenepanbHel LernTp i /; ¢

ABOIHBLY TexnonorHi «Coloan M.M. Knpeenko

140090, r. Tseprnncknit, Mockopekas o6,

¥ Axazemika Kykosa, 42
Penien3eHt: K.X.H., HaYanbHUK rpymnmnbl oTaeneHus 14 Kupeenko Mapuna MuxaiinoBHa,
OI'VII «DeaepanbHbIN HEHTP TBOWHBIX TEXHOIOTHH «CO103)

57



o

i
ELSEVIER

Available online at www.sciencedirect.com

*5;%"ScienceDirect

Mendeleev Comumm., 2016, 26, 527=529

Mendeleev
Communications

Synthesis and polymerization of disiloxane
Si-0-Si-linked phthalonitrile monomer
Pavel B. Dzhevakov,” Roman F. Korotkov,* Boris A. Bulgakov,***
Alexander V. Babkin,** Alexey V. Kepman®“ and Viktor V. Avdeev®
“ Institute of New Carbon Materials and Technology, 119991 Moscow, Russian Federarion.

E-matl: bbulgakovidgmail.com

b Department of Materials Sctence, M. V. Lomonosov Moscow State University, 119991 Moscow,

Russian Federation
< Department of Ch.
Russian Federation

v M.V L

Moscow State University, 119991 Moscow,

DOE 10.1016f.mencom.2016.11.023

A novel low melting highly hydrolytically stable phthalo-
nitrile monomer containing Ar-Si-O-Si-Ar bonds with
T, = 4°C exhibits good rheological properties. Its cured resin
possesses high heat deflection temperature (7, = 471°C) and
demonstrates high thermal and thermooxidative stabilities
(Tse, = 503°C, TOSss, = 495°C, ¥, = 76%) that are typical of
phthalonitrile matrices.

NC_~, O R
Mo, T .]_\j ‘l,:._fo.‘-".[: Pek: ; — Thuma
NC . - £y 1 v - N g beas

i e iy

Low ghms coemtion weperases gt Bamanciaive
bl

T=4%C

Phthalonitrile resins are a unigue class of high-temperature (up
to 400 °C) materials which find applications in acrospace, manne
and microelectronic industry and can be used as matrices for high-
temperature composite tooling for carbon fiber-reinforced plastics
production. ™ In addition, cure mechanism of formation of these
systems ensures that no volatiles evolve during the polymeriza-
tion resulting in a highly cross-linked, void-free network poly-
mers. Due to this, they should have good mechanical properties,
outstanding thermo-oxidative stability at elevated temperatures,
high fire resistance, and low water absorption.*'® Composite
applications require resin systems which are liquid or have a
rather low melting point, show a large processing window which
s defined as the interval between the melting point and a tem-
perature of polymenzation, and possess low viscosity for manu-
facturing composite components by cost effective methods such
as resin transfer molding (RTM) and vacuum infusion molding
(VIM).

The crucial factor for the development of polymers with high
oxdative stability is the incorporation of thermostable structural
units such as siloxane linkage between the terminal phthalonitrile
units. 512 Hydrolytically unstable polysiloxanes derived from the
corresponding diphenol and dichlorosilane containing Si-0-C
bonds have been described.' ¥ Noshay!'S claims that some of the
polymers and block copolymers containing Si-0-C-linkers are
hydrolytically stable and points out that care should be exercised
when extrapolating the characteristic properties of a given chemical
bond from polymers of one architectural type to those of a dif-
ferent type.' For example, polynorbomenes with pendant Si-0-C
groups are steady, while the monomer is moisture-sensitive.'®
Low-melting siloxane-based phthalonitrile monomers containing
O-Si-O-bridge were synthesized by our research group recently.'”
The phthalonitriles possessed the lowest glass transition tempe-
rature of 12°C, Both the monomers and the polymers synthesized
exhibit high hydrolytic stability.

Herein, we describe synthesis of low-melting hydrolytically
stable Si-bridged phthalonitrile monomer and estimate its properties

© 2016 Mendedeev Communscatioes. Published by ELSEVIER BV,
on behalf of the N, D. Zelmsky Institute of Organec Chemistry of she
R Academy of S

as high temperature thermosetting matrix for fiber reinforced
plastics.

We attempted to extrapolate the data on the preparation and
curing of the low-melting siloxane-bridged phthalonitriles based
on benzyl alcohol denvatives 1, 2 and synthesized phenol-based
stloxane-bnidged phthalonitriles 3, 4 to estimate whether the
methylene group or siloxane linker reduced T, of the monomers
mponcd."

\/@\

wc : "0” : 00 0 i :CN
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PR R

T=27°C
T,=12°C

NC CN
Ph R
A/
St
NC 0 (8] O 0 CN
T,

3R=Ph  T,=29°C
4R=Me T, =28°C

1 R=Ph
2 R=Me

It was found that the obtained phenolic monomers containing
disiloxane Si-0-Si linkages indced possessed 7 slightly higher
than those of benzyl alcohol derivatives, however these monomers
tumned out to be hydrolytically unstable in the air and decomposed
into the initial diphenol and a mixture of unidentifiable sub-
stances if kept outside of glovebox for several days in solid state or
for several hours in a solution.'® By this reason it was impossible
to cure these monomers without foaming indicating decomposi-
tion of the monomers during polymerization.

We assumed that the bond Si=0-Si should be as flexible as
0-8i~0 bond, and being used as a linker should provide flexibility
to the monomer structure. At the same time, Si-C and Si=0 bonds
are resistant to moisture and other chemical treatments so it was
expected to obeain low-medting and stable phthalonitrile monomer.

- 527 -
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R, e e HHecmumym Hoebix MamMepuanoe u mexHono2ull
MIrIY um. M.B. /lomoHocosa

BbicokoTemnepaTtypHble YrnennacTuku ¢
GTaNOHUTPUNBHBIMM MATPULLAMU, NONYYEHHbIE
MeTOAO0M BaKyyMHOU UHPY3UMU

Cynumos A. B.
Hay4Hebili pykosodumens: K.X.H., C.H.c. bynzakos B.A.
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PykoBonurens k.X.H., c.H.c. bynrakos bopuc AHaTonbeBnY
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Taxum oGpasoM, nocTaBienibe B padoTe 1eMH GbUIH NOIHOCTBIO BHIOTHEHbI, CACTANHBIE B
paboTe BLIBOJLI OGOCHOBAHBI H OTPAYKAIOT MOJIYYeHHBIE PE3YIbTATEL

Tem He MeHee, B paboTe HMEIOTCH HEIOCTATKH, HA KOTOPHIX HEOGXOIHMMO OCTAHOBHThCS
Gonee noapobHoO:

1. ABTOp yKkasbiBaeT, uTo MoHOMep 10 jO/KeH CHOCOGCTBOBATH JOCTHIKCHHIO

HEOOXOIMMEIX NOKasaTeseil BA3KOCTH. OJIKIKO, HE YKa3pIBaCT HA OCHOBAHHH KaKHX

I PHTEIIBHBIX HCH WM JMTEPATYPHBIX JAHIBIX 3TO NPEINOI0KEHHE
crienaHo.

28 MOKeT 7 BIAHATL THAPOINTHYECKAS HECTAOWILHOCT HEKOTOPHIX CHHTC3UPORAHHBIX
MOHOMCPOB Ha CBOHCTBA M CTaGHILHOCTE CBOHCTE BO B X Mart
Ha OCHOBE TAKHX MOHOMEPOB?

3. Ocraetes OTKPLITHIM BONPOC O MOHOMEPE 8: aBTOP CTPEMHIICS MONYYHTH MOHOMED ¢

HauGoMee HU3KO TeMIepaTypoii CTEKIOBAHHS, UM OKa3aicsi MOHOMep 8. HO Ha ero
OCHOBE He BbLIO C/IeNaHO KOMITO3HTOB.

4. MuTepecHbmM ObL10 ObI NOHSATH NPHYHHY 00Pa30BAHHS NOP NP OTBEP/KACHHH CMCCCH,
cojepikaumx  MoHomephl  2,5,7.9. TlpoGosan 1m aBTOp BapLUpOBATBL  YCIOBHS

OTBEPIK/ICHHS, BE/ICHHS TPOLIECCA IPH 001y HeHHH YIbTPasByKOM?

M3nokeHHble BBIC HEIOCTATKH, SBIIOTCH WACTHOCTAMH M HC YMAISIOT OOLIEro
BBICOKOIO YPOBHS JMIMIOMHO# padoThl Cynumosa Apréma Butanbesnya. Boinonuennsiii 0Gbem
IKCIICPHMEHTANLHON  padOTEl B COBOKYNHOCTH C IICHHOCTBIO M HOBH3HOM MOJYYCHHBIX

Pe3y/ILTATOB JAIOT OCHOBAHHSA OLEHHTH IMIIOMHYIO PaGoTy “oTan4no™.

Penensenr, 1 2
K.X.H., 3aB. J1a0. / e Bepmemes M.B.
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Carbon fiber reinforced phthalomitriles obtained by resin
transfer molding have been reported for the first time. Special
formulation based on silicon- and phosphorus-containing
phihalonitrile monomers has been developed to vield a
composite with retention of mechanical properties at 2009C
and remarkable flame-retardant properties (LOT = 30%4).

Thermosets derived from phthalonimile resins are known as the extend applications of composite materials in aerospace (for
most haat resistant polymers. Therefore, they were considered production of complex-shapad parts, ¢ g jet engine blades) and
as matrices for carbon fiber reinforced plastics (CFERF) since other applications such as composite tooling for high-temperature
1980s."* Mowadays, hizh-tempersture composite materials are  CFRP production.
in demand for different high-tech applications, from aerospace Previously we reported'®"? that low-viscosity phthalonitrile
to energetics. Howewver, the applications of these resins were formmlations for resin wansfer molding (FTW) or vaommm infusion
sictly limited due to a poor processability. Only a few works — molding process (WVIMP) were prepared from the low-melting
dedicated to phthalonitrile-based CFEP manufactared from siloxans- and phosphate-bridged phthalonitrile monomers.
prepregs are gvailsble 5 Development of phthalonitrile oligomers In this work, three monomers were applied for resin formmlation
resulted in resins with improved processability which is suitable (Figure 1). Siloxane-bridged SiPhMePHN was chosen as monomer
for cost-effective injection methods of CFRP manufacturing®  with the lowest viscosity,'* while phosphomes-containing EPPRPH
but still no dsta dedicated to such composites were published.  increased thermo oxidative stability of the resulting thermosat.!!
Development of low-melting phthalonitrile resins and cost- The main component MPI was chosen due to its availability and
effective technologies of CFRF manufacmring could widely aromatic dismine APB was used as polymerization initiator.
The formulation PH-13 (25 wi%o of SiPhMePH, 25 wi of

B i o 0. N RPDPRPHN, 50 wi of MPN) as well as 5 wis ADE wars usad for
B Lﬂ, ‘de/SI-\Pﬁ ] further experiments.’ It was demonstrated during preliminary
NC - = experiments that maximum content of MPM should not exceed

SiPRMEPHN, T, =12°C 507 to reach low mels viscosity of the formulstion. The processing
parameters such as melt viscosity and pot-life were imestizated.?
Dttj %»C” Viscosity-temperature curve s shown in Fizure 2. Melt viscosity
I{'IF'h =
NCT ﬁﬂ” * Al monemers were synthesized as described previously, 111 | 3-Bis-
=2 [4-aminophenowy henzens (Sisma-Aldich) was used as received. SDMaPRER
WC._ o . N (125 g). BPPRPW (125 g). and MPW (250 g) were placed mso 2 dm*
Q’ \Q Ij\ Teactar equipped with anchor-stimer Reactar was heated to 150°C unril
N the mixture was melted and then degassed (5 Tomr) under vigorous stiming
N . . H for 30 min. Afier that 5 wi% of APB (25 g) was added to the mixture
WP mp 185°C umder vigorous stiming. The resin was degassed again and poured anio
o] -0 a meal surface, coaled i air and croshed fo 1-5 cm glassy pieces.
/C:r O \Q\ ! Melt viscosity was measured using Brookfield C2000+ Viscomater
HN NH: with cone 10 at 40 pm. Viscosity—emperamre curve was recarded in
AR mp 118°C the range of 100-135°C with heating rate of 2 K min'. Potlife was
determined m isothermal experiment at 130°C and assigned o the fime
Figure 1 Chemicals for phthalonsirile resin formmlation. of a drastic viscosity growth.
€201 7 Mandslea Commmications:. Published by FLSEVIER BV, — 257 —
on ekl of the N. . Zalinsky Instituie of Organic Chemistry of the
Fansuian Acadeory of Sciences.
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siloxane- and phosphate bridges
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ARTICLE INFO ABSTRACT

Article history: The series of low-melting siloxane- and phosphate-bridged phthalonitriles are studied. The
Received B April 2016 monomers of this type possess glass transition temperatures more than 100 °C lower than

Received in revised form 14 July 2016
Accepted 9 September 2016
Available anline 13 Septernber 2016

for commeon phthalonitriles. Based on the collected experimental data moleoular dynamics
simulations aimed to predict glass-transition temperatures of the considered types of low-
melting phthalonitriles are reported. The validity of computational model is confirmed by
successful synthesis of the new monomers, eg phosphate- and phosphonate-bridged

m:i.m'le phthalonitriles are introduced for a first time. Cured Bis{3-(3.4-dicyanophenoy jphenyl)
Heat=resistance phenyl phosphate demonstrates thermal performance featured to phthalonitiles
Low-melting thermassts [HDT ~ 450 °C, Tag = 524 °C, ¥, (Ar)=80%) along with increased thermo-oxidative stabil-
Molecular dynamic ity. In aggregate with convenient processing the considered phthalonitriles can be used
Glass-Lransition as high-temperature matrices for fiber-reinforced plastics production by vacuum infusion
Mechanical praperties or KT technigues.

@ 2016 Elsevier Lrd. All rights reserved.
1. Introduction

The quick development in aerospace field in the past several decades required new light and durable materials such as
reinforced plastics. Since 1950s a considerable amount of researches dedicated to the development of polymer matrixes pos-
sessing high thermal stability, convenient processability and good mechanical properties have been conducted. According to
these requirements several types of resins have been developed, including polyimides [ 1-3] and modified phenolic resins
[4,5], phthalenitriles [6-10) and others.

The industrial use of phthalonitriles mainly focused on paints manufactuning until 1934, when Dent and Linstead discowv-
ered that phthalocyanine sublimes without decomposition at 560 °C [11). This finding had stimulated researchers to synthe-
size thermostable polymers based on phthalocyanine. In 1958 Marvel and Martin first attempted to introduce a
phthalocyanine moiety in the polymer structure howewver the resulting polymer had a low molecular weight [12]. The rapid
development of the phthalonitrile-based matrixes began in 19805 and since then they have been gradually established as
one of the most prospective resins for the composite materials due to high glass transition temperature (T, ), outstanding
thermal and thermo-oxidative stability, excellent mechanical properties, good moisture resistance and superior fire

* Corresponding author.
E-mmil oddress: bbulgakov@gmail com (BA Bolgakov)

hitp:jjdx dodorg] 10.1016jeurpolymg 201 6.09.01 3
0014-3057 Jiz 2016 Elsevier Ltd. All rights reserved.
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Dual-curing thermosetting monomer containing both propargyl
ether and phthalonitrile groups
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ABSTRACT: Novel self-curing monomer containing two thermosetting groups, namely propargyl ether and phthalonitrile (PN) in a
molecular structure, is synthesized and investigated. The study of catalyzed and uncatalyzed curing is performed and high heat release
during curing is observed. This disadvantage can be adjusted by catalysis of propargyl ether polymerization with Ni (11), Co (1I), and
Cu (II) salts. The cured monomer possesses high thermal properties featured to phthalonitrile matrices (Heat deflection temperature,
HDT = 428°C, Top, = 499°C) and moderate mechanical properties (E = 4.9 % 0.65 GPa, G= 106 = 26 J/m’), it can be applied as a
high temperature matrix for carbon fiber reinforced plastics (CFRP). Low melt viscosity (223 mPa s at 120°C) of the monomer pro-
vides a possibility to consider its application for composite material formation by vacuum infusion or resin transfer molding (RTM)
techniques, which are exceptionally rarely applied for matrices with HDT > 300°C but allow to obtain composites of complex shape

with minimal joining parts. © 2017 Wikey Feriodicals, lnc. J. Appl. Folym. Sci. 2017, 133, 44736.

KEYWORDS: catalysts; mechanical properties; phthalonitriles; thermal properties; thermosets

Received 8 April 2016; accepted 8 December 2016
DOL 10.1002/app.44786

INTRODUCTION

Composite materials are becoming more important for acrospace
industry and parts made of Bber reinforced plastics (FRP) comprise
over 50% of a modem aircraft mass. The use of composite materi-
als instead of metals reduces aircraft mass and thus reduces fuel
consumption without loss in durabality and sustainability. Whalst
&nnnlmhlnyofm?albwslhnrlpphamnfwwmpandbody
construction, turbines of are y made from metals.
Thnmzlnnbxlnyofmuimmdbylhcpolymﬂmmwluk
inorganic fibers (such as ghiss or carbon) possess much higher ther-
mal stability. The develop of such high-temp polymers
as polyimides,”™ bismaleimides,™” propargylated phenolic res-
ins,"" and phthalonitriles'"™* expands the range of FRP applica-
tons in high temperature conditions. Phthalonitriles (PN) possess
the highest thermal stabilsty among the reported matrices but usu-
ally there is a dimdvantage = bad processability caused by high
melting points of phthalonitriles and long curing cycles. Curing of
phthalonstriles requires activators such as aromatic amines or phe-
nols and occurs with heterocydic polymer formation.’"
Propargyl ether resins are known for relatively low price and possi-
bility of sdfecuring without any activators and volatiles

© 2017 Wiley Periodicals, Inc.
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44786 (1 of 8)

emission.™"? Curing of such resins occurs with high heat release,
which causes additional problems in processing that could be
solved with fine cunng cyck adjustment and use of catalysts. At
the same time, thermal properties of these matrices such as T, and
decomposition temperature are lower than for phthalonstriles.™**

Recently it has been reported that propargyl aryl ether blended
with phthalonitriles could act as 2 polymerzation activator of
Ibe Latter, producing materials with high thermal properties

t to phthalonitrile matrices."* Based upon the results, in
this work we combmed propargyl ether and phthalonitrile func-
tion in one molecule acquiring in 2 new bifunctional self-curing
monomer suitable for acting as 2 matnx for FRP. The presence
of two functions with different curing mechanisms allows vari-
ous ways of curing.

EXPERIMENTAL SECTION

Materials

All the ipulations with oxidation and

compounds were carried out under inert atmasphere using the
standard Schlenk technique. All the solvents were purchased

from Alfa Aesar and purified according to the standard proce-
dures'® and stored under Ar. Dimethylacetamide (DMAC) was

L APPL POLYM. SCL 2017, DOk 10.1002/APF.44785
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Phthalonitrile-carbon fiber composites
produced by vacuum infusion process
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AY Solopchenko'”, AV Kepman'~ and YV Avdeev'~

Abstract

High-temperature carban fiber-reinforced plastics based on phthalonitrile resing are obwoined for the first dme by
vacuum infusion process. For this purpose, forrmulation: based on low-melting bis(3-(3 4-dicyanophenoxy jphernyl)
phenyl phosphate monomer in combination with 1,3-bis{3 4-dicyanophenoxy)benzene and 4-[3-(prop-2-yn--vloxy)phe-
noy]benzene- | 2-dicarbonitrile were developed. Resin viscodites 1 = 600 mPa-s were suitable far VIP and at the same
trme the thermal and mechanical properties of the cured marrices were in high level featured vo phthalenitriles
(HDT = 420=C, E= 5.1 GPa). CFRP sarnples were manufactured by vacuum infusion process with carbon fabric and
demaonstrated thermal smabilicy over 400°C and 3 change of mechanical properties by less than 0% ae 300°C. Present
resuilts sufficiently exvend the application field of phthaloniriles 35 matrices for complex-shape high temperature com-

posite parts in aerospace or high-temperature composite poaling for PEEK-like thermoplastics processing.

Keywords

Phthalanitrile, sacuurm infusion, mechanical properties, therrmal performance, carbon fiber-rainforced plastics

Introduction

Applicability of fber reinforced plastics (FRP) is rap-
idly extending. With the development of polymer maini-
ces based on |:|-c:u1_I;.'irni|:I|:';.HI modified phenolic n:iins,"‘s
bismaleimides,™ and phthalonitriles™' (PN}, it
became possible to prodouce heat-resistant FRP for
high-temperature applications in advanced fields of
industry such as aerospace (for jet engine compressor
blades or composite tooling for advanced thermoplas-
tics processing). Cured PN resins possess the highest
resistance to thermal oxidation and high heat deflection
temperatures (HDT wp to 450°C) among the known
polymers. However, there are some disadvantages in
P™ processing. swch as high curing temperature and a
narrow processing window caused by high melting
points of common monomers. The development of oli-
gomeric phthalonitriles allowed the decrease of glass
transition temperatures down to 35°C "% while the
introduction of siloxane and phosphate bridges to
phthalonitrile molecoles resulted in T, values down
ta 0o 17

In spite of the reports on phthalonitriles with swit-
able processing for injection methods (RTM. VIFL"Y
there are only a few papers reporiing phthalonitrile-
based composites obiained  from pmpn:gs.'

However, the VIP method has a number of advan-
la,gcs.:' such as the possibility to obtain composites
with high content of reinforced material, low
porosity, no need for expensive autoclaves or presses
and injection systems, the ability to manufacture large
integral parts without breaking it into components, eic.
These factors contribute to the development of vacuum
infusion technology and its wide application. The pro-
cess of vacuum infusion consists of the filling of the
evacuated reinforcing material with a liquid resin.

In the present article, phihtalonitrile resin formula-
tions were developed from low-melting bis( 343, 4-dicya-
nophenoxyiphenyl) phenyl phosphate in combination

'Deparumeent af Chemistrg, Lomangses Moscow Sware Universicy, Chaie
of Chemical Technology and Mew Materiab, Moscow, Russsia
*Deparmment of Macerials Science, Lamonosoy Moscow Smte Universicy,
Mascow, Russsia

’Dm:uftmm Mareriak, lratinae of Mew Carbon Marerials
and Technodogies [SC, Masoow, Russsia
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jannoi paboths. McnoumayeMbic iiHcckie MCTOAIBL  MCCACOBAIMSA  TOIYHEHILIX  00pasion
J §

HPCKpacHo COOTHETCTRYIOT lll)U,leh’lCllllUﬁ 3aanic.
3 paGore MCTOMUNO W HOCICIOBATCILIO [iporoIcs MOAGOP. ONTHMIRIBIX TEMIICPATYPLI 110

kommerrrpain BaZr0Qs, cxopocti pocta JIONHPOBAIILIX H

HAHCCCHHIO cl«cpxnpnuu,'uuucrU CHoA,
JeceHus KA pas TOITBEPAACTCA

HEAOIMpOBANILX TLIEHOK, Brabop Tex win uinix yeaonmi nan
UM 3 KOTOPLIX ABAAIOTCA KPHTHICCKHI TOK
11 OTMCTHTE TPAMOTHOCTE 1

patinanLIMH METO/laMM, KIHOUCEL W Cro MIOTHOCTH B
coberpeimion u pictmest Marnurios none. Takke xorerock
AKTYAALHOCTS HCHOALIOBIIHA MCTO/I0R PCHTI CIHOBCKOH JH(PaKILIK 1 ACKTPOHHOI MHKPOCKOITH.
B pesy.ntate paboThi aBTop HOAGHPACT ONTHMATLHLIC (€ TOUKA 3peHHA SACKTPOPHIMUCCKHX CBOHCTE)
maénok  YBCO w noayuact

YCAOBHA 1O )t X M

re 1aénKm, o0 G0BIICH TLTOTHOCTBIO KPHTHICCKOTO TOKA H B0ICC BLICOKMM

KPHTHUYCCKHM TOKOM BO BICIIHCM MariiHTHOM [10I1¢, 4CM HC/IOTHPOBAHILIC EURVINCH

O pagch, Ha 3 HONOKHTELIO oncHupaio padoty Kamuias, oamako umeio

cephéILIC 3a) 5

i

- PaGota ouenb TaKe10 ynTacTes. COACPAHT MIOTOUHCICHIBIC ophorpadHHCeRHE H CTHINCTHUCCKHE
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4TO ABIAI0CH OHOH M3 II1aBHBIX [e/Iei JaHHOH PaboThL, @ TAKOE IKCHCPHMEHTAIBHO BOIMOKHO, KAK
6BLI0 I0Ka3aHO ABTOPAMH B JIHTEPATYPHOM 0G30pe (CM., Hanpumep, ceeliky No 32).
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Il Pyrochlore Nanoparticles

B

Synthesis of Bi-Fe-5b-0 Pyrochlore Nanoparticles with Visible-

Light Photocatalytic Activity

Anna V. Egorysheva ™ Olga M. Gajtko,™ Pavel 0. Rudnev,™ Olga G. Ellert,™ and

Vladimir K. NanovH

Abstractt & method has been developed for the prepamtion
of Bl=Fe=5b=0 pyrochlone nanopartcles by microwasve hiydro-
thermal treztment. Experiments revealed that the preparation
procedure for the precurors i an iImportant factor that affects
the phase composition of the product. The morphology of the
pyrochlore particles was investigated by SEM, HRTEM, and se-

lected-area electran diffraction (SAED) methods. The samples
consist of numerous spherical agglomemtes from 100 to
200 rmi formed from 20 nm mutally celented narocrystallites,
A mechanism for the formation of the particles & proposed,
and the magnetic and photocatalytic properties of the Bi-Fe=
Sh=0 pyrochlore nancoystziites are reparted.

Introduction

Thankim dicxide i one of the most widely used semiconductar
photocatalysts. However, owing 1o itz wide bard gap, titanium
diiaxdde mquires UV radiation for activation. Thesefore, an exten-
shve search for new photocatalysts that work in the vigible re-
ghon i In progress. Recent studies of Bi-based photocatabysts
that are acthee under vizible light have recetved much atten-
ton ! The high photoactivities of oxides with the pyrachlam
structure have been I'lpl'.l'bﬂdpl‘t'i‘iﬂl.lsl}l.:-ﬂ Photocatalytic wa-
ter decomposition was observed in the presence the Bi-corntain-
Ing compounds Bi,MTacy (M = In, Ga, Fe, ¥, L*" and
BiMMbO, [M = Al Ga, In, ¥, rare-earth element REEE in
tuin, BiMMbOy (M = AL Ga, In, Fel®™ and BiMTad: (M = ¥,
La}! ean be used for the photodecomposition of organie dyes.
The photoactivities of the BizMEbOr compounds have not been
studied prefiously, although YiFeSbOy and InzfeShlr can be
used as photocatalysts for thodamine B degradation. Previously,
we thowed™ that 2 solid solution with a pyrochlon structure,
[Bi, e Feq, by, (¥ = Di=iid, ¥ = =013-011), exists in
‘the B, Oy =Fe 0y=5b,0, system With 2 namow band gap of I eV,
the Bi-Fe =5b=0 pyrochlon has the potential for photocatalytic
actidty.

In most of the above-cited waorks, the photoactivities of the
pyrochlore structured compounds wese studied with samples
prepared by conventional folid-state methods. The use of
highly dispersed samples with increzsed specific surface areas
should provide higher photoactivities. However, the rumber of
studiies on the synthesis of Bi-containing pyrodhlore nanocrys-

[3] Mirredes s of Gemral and ogank Thembog Resoon Aosdery
of ok,
Lesdrcil oo 30, 11908, Mosoow; Reesio

E supperting inberamion for phis ariche & selobl o8 the WWAT wader
gl ol eng ML 0G0V Re MR SOPRSR

B £ inovg, Chae 2046, 2193-2199 Wikey Owiires Library
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tals 12 much more limited. Bencina et al™ described the phota-
catalytic properties of a termary Bl=Fe=Nb=0 pyrochlore nano-
ayitzline powder prepared by 2 copredipitation method with
subsequent annealing. The studied sample exhibited high pha-
toactivity for the degradation of methyl arange under sisible
light. Eecently, we synthesized a Bl-Fe=5b=-0 pyrechlone nana-
sized poveder by the same method '™ However, the preparation
of this dingle-phase compound by the copredpitation method
was complicated by the restricted symthesis conditions with HO
as the only posible sohent and monsethanolimine and am-
manla 25 the precipitz2tors. The slightest detviation from the ad-
missible synthesis parameters results in the formation of an ad-
mibture with the BEiOC] phase The BOC) availability 15 a rate-
limiting step for low-temperature namoorystaline pyrochlons
synthesic. In the present work, we developed a synthetic ap-
proach based on micowave-assisted hydrothermal processing
for the preparation of highly dispersed Bi-Fe=Sh=0 pyrochlare.
The influence of the synthesk parameters on the phase compa-
sitbon was monitored through 2 wide mepertoire of methods,
namaly, MNrzy powder diffraction, electron  micrascopy,
Brumaier=Emmett=Teller [BET) spedfic surface ama measure-
ments, magnetic measurements, and photocatahytic tests.

Resiilts and Discussion

We studied the effect of the synthesiz parameters (mineralizer
concentration, duration of synthesis, and ovemll concenttion
of the mactants) and the procedure for the preperation of the
precursort an the phase composition of the praduct in the
Bz 2050203 = Na0M system (Tables 1-3)

In the first case, we Wsed blsmuth and iron nitrates with a
suspension of antimony axide powder in NaOH solution 24 the
reaction miture. Pyrochlore formation was observed for alikali
concentrations of Z=8 a (Table 1). How'ever, the resultant prod-
ucts contaimed a remarkable amaunt of metallic bismuth (Fig-
ure 51]. The concentration of this companent decreated slightly

© 2016 WilkoyWH Visleg CmbH & Co. KiGa#A, Woinhim
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Svnthesis of Nanocrystalline Ternary Bismuth Iron Antimony Oxide
with Pyrochlore Structure
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Abstract— It was shown thai it is possible to obtain by coprecipitation a complex temary oxide containing
elemients dissimilar in their chemical nature. The interaction of acidic solutions of bismuth, ron, and anti-
mony with monoethanolamine and ammonia was studied, and the effect of the coprecipitation conditions on
the phase composition and morphology of the reaction products was determined, Samples of nanocrystalline
pyrochlore containing bismuth, iron, and antimony were produced for the first time.
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Simple and economical owing to using solar
energy, photocatalytic technologies for water and air
purification have found wide practical use. The most
popular semiconductor photocatalyst is currently tita-
nium dioxide. However, because of the wide bandgap,
its activation requires UV radiation, which constituies
only 5% of the solar spectrum. Therefore, new photo-
catalysts active in the visible range are extensively
sought for. Materials suitable in this context are com-
pounds based on bismuth oxide. Some of them have
already proven themselves as promising visible-range
photocatalysts (Biy0y [1], BiVQ, [2], Bi;Mo{(W)0O,
[3,4], BiMoiW);0p [4], BiTizO; [5] [5], and
Bi,Ti;O,; [4]). The bandgap of these compounds is
formed by 65 orbitals of the Bi** ion and 2p orbitals of
oxygen. Depending on the crystal structure of a com-
pound, first of all, on the surroundings of the Bi** jon,
the bandgap can range from 2.0 to 3.5V, Such a band-
gap is optimal both for photocatalvsis and for water
photolysis. There is evidence of high photoactivity of
complex bismuth oxides with the structure of the type
of pvrochlores [6—10]. Photocatalvtic decomposition
of water was observed in the presence of such com-
pounds as Bi,MTa0; (M = In, Ga, Fe, Y, and La)
[6, 9] and Bi;MNbO; (M = Al, Ga, In, ¥, and rare-
earth elements) [10, 11]. Degradation of organic dves
was detected after adding Bi;MNbO; (M = Al, Ga, In,
and Fe) [7, 8] and Bi,MTaO; (M = Y and La) [9] to
solution. Photoactivity of compounds of the composi-
tion Bi;MSb(; has not previously been studied,
although it is known that using Y,FeSbO; and
In;FeSb(y as photocatalysts leads to degradation of
rhodamine B [12].

Earlier [13], we showed that, in the Bi;O,—
Fe;(;—58b: 0 system, there exists a large region of
solid solutions with the structure of the type of pyro-
chlore (Bi;_ Fe,)Fe; , ,Sby _ 0745, wherex = 0.1—
0.4 and y = 0.13—0.11. The absorption edge of Bi—
Fe—5b—0 pyrochlore is near 2 eV, which suggesis that
its catalvtic activity is worth studving. In most of the
considered works, the photoactivity of various com-
pounds with pyrochlore structure was investigated on
ground samples synthesized by a conventional method
of a solid-phase reaction. “Mild chemistrv™ methods
give finely dispersed samples with larger specific sur-
face area, which ensures better photocatalyst perfor-
mance. Recently [14], by coprecipitation, a nanocrnys-
talline powder of ternary oxide Bi;FeNb(; was syn-
thesized, which demonstrated high photoactivity in
degradation of methyl orange under visible light. The
method of coprecipitation from aqueous media is con-
sidered one of the simplest synthesis methods. How-
ever, as far as the production of a complex temary
compound containing elements dissimilar in chemical
nature is concerned, choosing experimental condi-
tions, including precursors, solvent, and precipitant, is
an individual challenge.

The purpose of this work was to develop a method
for synthesizing nanocryvstalline powders of Bi—Fe—
Sb—0 pyrochlore.

EXPERIMENTAL

Because of the dissimilarity in the chemical nature
of the elements constituting pyrochlore, choosing a
suitable solvent was a separate issue. Antimony and
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SYNTHESIS AND PROPERTIES
OF INORGANIC COMPOUNDS

Crystallization in the Bi,O,—Fe,0,—NaOH System
upon Microwave-Assisted Hydrothermal Synthesis
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Abstract—Crystallization processes in the Biz03—Fep0:—MNaOH system upon microwave-assisted hydro-
thermal synthesis have been studied to reveal the effect of the mineralizer concentration, temperature, degree
of filling of the autoclave, and the preparation of precumsors on the phase composition and the morphology
of the reaction product. Submicron powders of bismuth fernte Bi; Fe 0y have been synthesized.
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In the Biy0— Fe,0, svstem, there exist three stable
compounds: BixFeOs, BiFeOs, and Bi:FegDg [1-3],
which are usually obtained by crvstallization from
solution in a melt or by solid-state interaction of initial
components. These methods of synthesis do not make
it possible to obtain highly dispersed samples,
although it is precisely the nanocrystalline state that
opens new oppontunities for the wide application of
these compounds. BiFeO, is a well-known multifer-
roic [4], which well recommended itself as an efficient
photocatalyst applied in the visible range [5]. The cat-
alytic capabilities of Bi,Fe,0y are not inferior to those
of BiFe(,. Bi;Fes0y was used for the photocatalvtic
oxidation of phenol and of the agueous solution of
ammonia [6]; in [7T—9], there was demonstrated a high
photocatalytic activity of Bi;FesOs upon the decom-
position of organic dyves under the action of visible
light. Bi;sFe0hyg in the nanodispersed state also mani-
fests photocatalvtic properties, although, according to
the data of [ 10], thev are substantial inferior to those of
RiFe0;. The problem of the synthesis of nanocrystal-
line bismuth ferrites occupies the minds of many sci-
entists. Numerous methods were used to sobve it, such
as co-precipitation with subsequent annealing, the
sol—gel method, the Pechini method, synthesis under
hydrothermal conditions, etc. [11—20].

In comparizon with all above-mentioned methods,
the microwave-assisted hydrothermal method has a
number of essential advantages, such as the high reac-
tion rate, the opportunity of a directional control of
the phase composition of the syvnthesis products, uni-
form heating of the entire volume of the reaction
medium, which ensures the phase and morphological
uniformity of the product. Earlier [10, 21-24] this
method was used for obtaining, under different condi-
tions, of separate samples of nanocrystalline BiFeO; of
various morphologies. Unfortunately, the results of

these works differ strongly. The most complete study of
the influence of the conditions of synthesis (ratio of
precursors, concentration of a mineralizer, the tem-
perature and the time of microwave action) on the
phase composition and morphology of the reaction
products in the Bi;O;—Fe,0;—KOH system was car-
ried out in [25]. However, the authors of [25] used very
namow ranges of the synthesis parameters; further-
more, the degrees of filling of the autoclaves, which
determine the pressure in the system, were not indi-
cated in the work. As we show here, this parameter has
an essential influence on the occurring reactions. The
absence of these data makes the results of [25] irrepro-
ducible. The information on the hydrothermal-micro-
wave synthesis of Bi;Fe,0y is limited to few articles
[26, 27]; therefore, it was necessary to undentake addi-
tional studies.

The purpose of this work is the study of crystalliza-
tion in the Bi,0;—Fe,0,—MNaOH system upon the
hydrothermal-microwave action along isobaric and
isothermal sections of the phase diagram for the opti-
mization of the composition of the reaction product
and conditions of synthesis of highly dispersed pow-
ders of Bi;Fe, 0.

EXPERIMENTAL

As the initial reagents, Bi{NOs), - 5H;0 (of chemi-
cal purity), Fe(NO:): - 9H:0 {of chemical purity) were
used; as the precipitator {mineralizer), NaOH (of pure
for analysis grade) was taken. The bismuth and iron
nitrates were taken in the ratio of Bi : Fe= 1:2. The
preparation of the reaction mixture for the micro-
wave-assisted hydrotermal synthesis of the bismuth
ferrites was carried out by two methods.

In the first case, 1.455 g of Bi(NO,); - 5HO
(2 mmol) and 2.424 g of Fe(NOs); - 9H,0 (6 mmol)
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WuTennektyanbHasa Cuctema Tematnyeckoro MccnenosaHus HAyKOMeTpUUYECKUX JaHHbIX

MnasHas Monck CratncTuka O npoexTe MomoLys

XacaHoBa Hennu PaknnoBHa nomssosarens

MY nmenu M.B. MTomoHocoBa, Xumndeckuii dpakynsteT, Kadpeapa HeopraHW4eCKor XMMUK, BEAYLLMIA HayYHbIA COTRYAHMK, € 5
AHBapA 1990

J——— KaHAMAAT XMMUYECKUX HayK ¢ 1994 roga
cooBLyeHne

Coastopsl: AHTUNEB E.B., ABakymos A.M., van Tendeloo G., ®enotos C.C., Izumi F., AposoxuH O.A., Yamamoto A., Tajima S.,
MaHnH P.B., Kamiyama T., Wu X.J., KapakynuHa O.M., MUPOHOB A.B. nokasats nonwocTsto. .

53 cTatbu, 44 goknaga Ha KoHepeHumaAx, 3 Teaucos goknages, 7 HWP, 2 nateHTa, 1 4uneHcTBO B NporpaMMHOM KoMuTeTe, 3
YNeHCTBa B AWMCCEPTaUMOHHBIX COBETax, 1 ancceptaums, 4 AMnnoMHele padotel, 1 y4ebHbIiA Kypc

PykoBogurenu k.X.H., B.H.c. XacanoBa Hemn PakumnosHa,

Bo#ty B cuctemy
M CTM HA Peructpayna
WHTennektyaneHas Cuctema Tematndeckoro MeenenoBanua HAYKOMETPUYECKMX Aa@HHbIX
MnaeHas Mouck  CratueTvka O npoekte  Momolyb

®enoTtoB CtaHucnaB CepreeBuY | nonssosarers

MY nmeHn M.B. llomoHocoBa, XuMUueckuii chakynetet, Kadeapa HeopraHUYecKkoil XMMUK, acnnpanT, ¢ 1 oktadpa 2013

MY nmeHn M.B. llomoHocoBa, Xumudeckuii chakynesteT, Kadeapa HeopraHUYecKoii XMWY, Mnaawuii HayuHbIA COTPYOHUK, ¢ 4
oTNpasuTL Mas 2016

cooblyeHme MpekHue MecTa paBoTl (HakmuTe AN8 oTOGpaXeHns)

CoaeTopbl; XacaHoBa H.P.,, AHtunoe E.B., AGakymoB A.M., Opoxokun O.A., KapakynuHa O.M., Hadermann J., CamapwH A.LLL,
MaHoinoe A.N., Zhugayevych A., Ushakov A.V., Storozhilova D.A., Ivanishcheva |.A., Churikov A.V. nokasats nonocTsio

7 cTaTei, 24 goknaga Ha koHdepeHuusax, 3 Teancos doknanoes, 11 HWAP, 1 natext

acn. ®enoros CranucnaB CepreeBud
MI'Y, Xummnueckuii pakynbrer, Kadenpa HeopraHMIeCcKoi XuMuH,
JlaGopaTopusi HEOPraHUYECKOW KPUCTAITIOXUMHHU

Penensent: n.x.H., B.H.c. lllnsaxtun Oner AnexcaHapoBud,
JlaGopaTopusi HEOPraHMIECKOT0 MaTepHATIOBEICHUS, XUMHUECKUi dakyabTeT MI'Y
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bakanaBppl, 3alIUTUBIINE BBITYCKHBIE KBATH(UKAMOHHBIE paboThl B 2017 1.
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CBEJIEHMSA O 3AIIUTAX BAKAJIABPCKHUX BBIITY CKHBIX
KBAVIM®GUKALIMOHHbBIX PABOT HA ®HM MI'Y B 2017 r.

B 2017 rogy I'ocynapcrBennoit Dk3ameHannoHHoi Komuccueil ObLIM OTMeueHBbl pabOThI
Cunenko Upunbl JleonnnoBusnl, Cyxopykosa I'puropusi AnexceeBu4a, Mopo3osoii Ilonubl
AuexkcanapoBHbl, biaoxunoit Anacracum /ImurtpueBnsnl. J[unnomamu Huctutyta OOmmiei u
Heoprannueckoii xumun umenn H.C. KypnakoBa PAH Obumn nHarpaxnensl Cunenko Hpuna
JleonunoBHa, Ky3una Mapus AsnekceeBHa, Mopo3osa Ilosimna AJsiekcanapoBHa. /{uriomamu
Wucturyra Meramnyprun umenun A.A. baiikoBa PAH Obumm Harpaxkaensl CuHeHko Hpuna
JleonunoBHa, CyxopykoB I'puropuii AsexceeBud, Ky3una Mapusa AnexceeBHa. /uniomsl ¢
ortmmuueM B 2017 romy mnonyumnu 3 BeimyckHHKa OakanmaBpura OHM: HabsicoB Jleonun
Ouserosuy, Codoab Anekcanap I'puropsesny, Oxarenko Basepuii JImurpueBuy.

OO11ee 9ncio CTyICHTOB Ha 4 Kypce 19
Yucnno cTy1eHTOB, UMEIOLIUX MyOIuKauu 19
O01mee uncio myOIuKaIu, 122

W3 HUX CTaTeu 11

Yucno crynenToB paboratomux B npoekrax HUP,

NOJIeP>KaHHBIX pa3IMYHBIMU (POHIAMU 15

Yucno ouenok 3a BKP

<+ .. «OTIINIHO» 17
.+ ... «XOPOIIIO» 1
....«YIOBIIETB.» 1
Yucno pabot, ormedennbix ' OK n uacruryramu PAH 3)
Yucno JUIIoMoB ¢ OTIINYHEM 3

Oomanarensauns! qguruiomoB MOHX PAH.
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FpaMTLI u noxapku ot UMET PAH
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Pe3yabrarsl 3amuT KBaJau(puKanuoHHbIX pador Ha @PHM MI'Y B 2017 rogy

cpeIHuii

No HNmsa S OLICHKA JAUTIJIIOMBI
1 | Cunenko Upuna JleoHugoBHA 14,61 orauyno | MOHX | ®HM | UMET
2 | CyxopykoB I'puropuii AsekceeBud 14,58 OTJINYHO ®HM | UMET
3 | Ky3una Mapus AjiexceeBHa 14,58 orauyHo | HOHX HUMET
4 | Mopo3zoBa Iloanna AnekcaHIpoBHA 14,58 orauyHo | HOHX | ®HM
5 | CyaumoB Aptém BuraabeBnu 14,48 OTJIHMYHO
6 | YerunoBa Mapuna UropeBna 14,46 OTJIHYHO
7 | Broxuna Anacracus IMuUTpreBHA 14,42 OTJIMYHO OHM
8 | Pynnes IlaBea Oueropny 14,28 OTJINYHO
9 | Habscos Jeonux OJieropuy4 13,99 OTJIMYHO C OTJIMYHEM
10 | HoaybosipunoB AHTOH CepreeBuy4 13,90 OTJIHYHO
11 | KoporkoB Poman ®enopoBuyu 13,86 OTJINYHO
12 | 'ymuna Upuna UropeBna 13,65 OTJIHYHO
13 | Co6oab Anexkcanap I'puropseBuy 13,57 OTJIHYHO ¢ OTJINYHEM
14 | BaneeB Asiexcanap HukonaeBu4 13,33 OTJIMYHO
15 | Okarenxo Banepuii IMmurpueBuy 13,28 OTJINYHO ¢ OTJIMYHEM
16 | Bopounn Ouier CepreeBu4 13,20 OTJIHYHO
17 | Uemarunos Kamuapr Uianmarosuy 12,62 OTJIMYHO
1o | T oas oau
19 | ManoiiaoB Anekceii UropeBuu 8,74 YIOBJI.
a>c

LIRS IR:

s
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doTopenoprax MOArOTOBUIA

cekpetaps [ DK ®HM, kan. TexH. HayK, C.H.Cc. XuMudeckoro ¢-t MI'Y,

notent, Cadpponosa TaresiHa BukTopoBHa

[Tpu noarotoBke (oropenopTaxka ObIIM TAK e UCIOIb30BaHbl (hoTOrpaduu, CielaHHbIe
['ynunuaeiv EBrennem AnekceeBudem,

Ky3unoit Mapueii AnexceeBHoi,

I'ymunoi Upunoit Uropesnow,

[HupsieBeiM Muxaniom AneKkceeBUYEM.

MOCKBA 2017 r. (75251. CM.3.X.)
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