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KuiBchbkuii HalllOHAJIBHUM YHIBEPCUTET TEXHOJIOTIN Ta IU3alHY
Incrutyt dizuunoi ximii im. JI.B. IIucapxeBcbkoro HAH VYkpainu

Mema. Jlocnioumu enekmpoxXimiuni (QYHKYIOHATbHI 81ACMUBOCIE MEXAHOXIMIYHO
00€PIHCAHUX HAHOKOMNO3UMIE HA OHOBI NOMIAHINIHY Ma OUXANbKO2EHIOI8 MONIO0eHy ma
sobpamy.

Memoouxa. B ocnogy pobomu noKiadeHo 00CHiONCEHHA MEXAHOXIMIYHO 00epAHCAHUX
HAHOKOMNO3UMHUX ~Mamepianié sAK NepcneKmusHux eneKkmpooié CynepKoHOeHCcamopis.
Jocnioocennss nposoounu 3 BUKOPUCMAHHAM —MemoOi8 MPAHCMICIUHOI  eleKmpPOHHOT
MIKDOCKORIL, peHmeeni8CcbKoi Ouparkyii ma eieKmpoximMivHux MemoouK, maxKux K YukiiuHa
80IbIMAMNEPOMEMPISA, XPOHONOMEHYIOMEMPISL.

Pezynomamu. Mexanoximiunum cnocobom 00epiHcano HAHOKOMHO3UMU HA OCHOBI
noaiamininy ma Hamocmpykmyposanux MoS, ma WS, 3 pisnum eémicmom nonimepy.
Jocniosceno enekmpoximiuni Xapakmepucmuku 00epicanux Hamoxomnozumie nMoS,/I1An
ma nWS,/[1An ma nokasano, wo maxi mamepianu mMoxcyms Oymu 6UKOPUCMAHI K AKMUGHI
KOMNOHEHmU enekmpooie cynepkoHoencamopis. l[loxazano, wo numoma €MHICMb MAKUX
mamepianie moogice docsieamu 405 ma 450 @/e ona nMoSy/TIAn(75) ma nWSy/I1Au(75),
8i0nogiono. Bcmanoeéneno, wo Haubinbwii 3HAYEHHs E€MHOCMI NPU BUCOKUX UWBUOKOCHIAX
PO320pMKU NOMEHYIANy Maromes HAHOKOMNO3UMU 3 HAUOLIbUWUM 8MICMOM HeOp2aHiuHOl
ckna0oeoi: nMoSy/TIAn(25) ma nWSy/IIAnu(25), wo, 8ipociono, no8’s3aH0 3 HeBeIUKOIO
MOBWUHOIO Wap NOJIMePY HABKOIO HEOP2AHIYHUX HAHOYACMOK, W0 MOXdCe 3HAYHO
noae2uLy8amu mpancnopm aHioHig-0onanmis 6 npoyeci 3aps0y-po3psoy.

Haykoea nosusna. 3anpononosano HOBUL MEXAHOXIMIUHUL MemoO 00epHCAHHSL
HAHOKOMNO3UMHUX MaAmepianie.

Ilpaxmuuna 3uauumicme. O0epircani HAHOKOMNOIUMU MONCYMb OYMU SUKOPUCMAHIT
5K eghekmueHi eneKkmpoou CynepKoHOeHCamopia.

Kniouogi cnoea: nanoxomno3umu, MexaHOXiMmis, CYNEPKOHOEHCAmopu, NONIAHLNIH,
oucynvio moniboeny, oucyro@io sonvgpamy

Cynepkxonaencaropu (CK) npuepratoTh yBary 6araTbox JOCIIIHUKIB 3aBASKH OUTbIII
BUCOKHMM 3HAYEHHSM MUTOMO] MOTY>KHOCTI Ta OUIBII TPUBAJIOMY CTPOKY CIIY>KOH MOPIBHSHO 3
aKyMyJISITOpaMu, 110 € HEOOXIAHUM JUIS 3aCTOCYBAaHHS iX B SIKOCTI HAKONHWYYyBayiB €HEprii B
0aratbox MPHUCTPOSX (CICKTPOHIKA, COHSYHI eIeMEeHTH, eekTpoMoOini Ta iH.) [1]. CK moxHa
ki1acu(ikyBaTH Ha JIBI KaTeropii 3aJeXHO BiJ MeXaHI3My HakonmudeHHs 3apsny: (1)
KOHJIEHCATOpH MOJIBIHHOTO HIapy, poOoTa SKuX 0a3yeThecsi Ha 30epekeHH1 3apsiiy 3a paxyHOK

He(dapaaeeBCHKOrO TpoIecy 3apspkeHHs moxaBidHoro enekrpuyHoro mapy (ITEI) na
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TPaHMIN  PO3MOJTY E€JIEKTPOM/eNeKTpomiT; (2) TCEeBAOEMHOCTHI KOHIEHCATOPH, SKi
(GYHKIIOHYIOTh 3a PaxyHOK Iepediry IIBHAKOTO 3BOPOTHOTO (apaJeeBChKOTO PEIOKC
poIiecy.

3a3Buyaii B skocti enektponiB CK mepmioro THIy BHKOPUCTOBYIOTH BYIJICIIEBI
Matepianu [1], B TOM Yac K €JEeKTPOXIMIYHO aKTHBHI IMOJIMEPH ab0 CIIONYKH TMEPEXiTHUX
MeTatiB 3acTocoBylOThCs B CK, 110 BigHOCATBCSA 70 Apyroro tumy [2]. OCHOBHUM HEIOIIKOM
CK mnepmioro tumny € HEBUCOKI 3HaYeHHS MUTOMOI eMHOCTI (X100 @/r), a Apyroro — HEBETUKHIA
CTPOK CIy’kOM Ta camopospsin eneMmeHTiB [1-3]. YV 3B’S3Ky 3 IIMM OCHOBHOIO CTpATETi€l0
CTBOPEHHS €JIeKTpoIiB HOBOro nokoiiHHa it CK Moke OyTH MoeIHaHHS Ha HAHOPO3MIPHOMY
piBHI B OIHOMY MaTepiaji KOMIIOHEHTIB 3 pI3HUM THUIIOM 30epexKeHHs 3apsiay. Tak, Ha IpuKIIaii
HaHokommo3uTiB RuO,/Byrnens, ne RuO, 30epirae 3apsa 3a paXyHOK MPOTIKAHHS PEIOKC
peakiii, a Bymienb — 3a paxyHOK 3apsypkenHs [IEIL, Oyno mpomeMOHCTpOBaHO 3HAYHE
MOKpPAILIEHHS SIEKTPOXIMIYHUX XapaKTepucTHK enektpoiB CK [4].

Hucynbding momibaeny (MoS;) Tta aucynsdin Bombdppamy (WS,) sBustoTbCA
NEPCIEKTUBHUMH HEOPraHIYHUMHU MarepiajlaMu JUIsi BUKOPUCTAHHS iX y CKJIaJl €JIEKTPOJIB
CK. Le nos’a3ano 3 tum, mo kpucraau MoS, (WS,) chopmoBaHi mapamMu KOBaJI€HTHO
3B’SI3aHUX aTOMIB MOJiOAeHY(BOIbGpamMy) Ta CIpKU, a B3aEMOJIIS MK HUMHU 3a0€3MeUyEThCS
cunamu Ban-nep-Baanbcy, 1o 00yMOBIIIOE MOMIIMBICTh iX HAHOCTPYKTYPYBAaHHS ILUIIXOM
JenamiHyBaHHs 1oji0HO 110 rpadity B rpaden [5]. Take posmiapyBaHHS BKa3aHUX CIIOIYK
MOXKE TPU3BECTH 10 (HOpMyBaHHS EJEKTPOIIB 3 PO3BHHEHOK TTOBEPXHEI0, IO CTBOPIOE
YMOBH J1s1 30epiranHs eHeprii 3a paxyHok 3apsaaku [1EL.

3 inmoro ©Ooky EIIIl, 30kpema mnomianinin (ITAH), SBIAIOTbCS HE MEHII
NepCHeKTUBHUMHU MaTtepiajlaMu JJIsi 3acTocyBaHHS ix y ckmaai enektpomiB CK. Ile
00yMOBJIEHO iX BHCOKOIO (hapaJe€BChKOI AaKTHUBHICTIO [6], enexTponpoBigHicTiO [7],
3HAYECHHSIMHU TTUTOMOI €EMHOCTI, PO3BUHEHOIO TTOBEPXHEIO [ 7], @ TAKOK MPOCTOTOIO CUHTE3Y[8].

Ilocmanoeka 3a60anns

Mertoro naHoi po6oTu Oyno ofep:katu riOpHIHI HAHOKOMIIO3UTH Ha ocHOBI ITAH Ta
posmapoBanux MoS; 1 WS,, mocmigutu ix OyaoBYy Ta (QYHKIIOHAJIbHI €JIEKTPOXIMIUHI
xapaktepuctuku B skocTi enektpomiB CK. Jlmsg oxepkaHHS BKazaHUX MaTepiaiiB
BUKOPUCTOBYBAJIM MEXAHOXIMIYHHMH CrHOCiO, OCKUIbKM paHime Oylo MoKa3aHo #oro
e(EeKTUBHICTh y BHUMAJIKy CTBOPEHHS KaTOJHUX TiOpUIHMX HAHOKOMIIO3UTHUX MarepiajiB

tuny EITIT/V,0s [9] TIAH/LiFePO, [10], MoSy/TIAH [11].
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Pes3ynomamu 0ocnioscens

[Iponienypa cunTe3y HaHOCTPYKTypoBaux MoS; ta WS, (nMoS, ta nWS;) nossirana B
HacTynmHoMmy: cyxy cymim 50 mr MoS; abo WS; ta 2,0 r NaCl mexaHoxiMi4HO 0OpoOIIsiIn B
araToBOMY PO3MEIBHOMY CTaKaHi TUIaHETapHOTO KylboBoro miuuHa Pulverisette 6 (Fritsch,
Himeuunna) npu mBuakocti odepranus 500 00./xB npotsarom 1 rogunu. [IpoaykT perensHO
MIPOMHUBAJIH BOJIOO JIJIsl BUIAJICHHS COJIi Ta BUCYITyBaId Ha oBiTpi ipu 60°C.

g onepxanus enektponposigHoro noiimepy [TA#x 10 r (0,077 monp) riapoxiopuaa
anutiny po3unHsnu B 250 mn IM HCL Ilomepemnro B 500 Mi AMCTUIBLOBAaHOI BOIU
posumasuin 14,04 (0,0616 ™monb) mnepcynbdary amoHit0. MoibHE CHIBBIIHOIICHHS
MoOHOMep/oKkuCcHUK ckmagano 1:0,8. Po3umH rigpoxiopuga aHUTIHY HNOMIIIATU B KPIDKAHY
Oanro u goBomwiu temmeparypy no 0-5°C. IlotiM mpu mocTifHOMY MepeMillyBaHHI /10
PO3YMHY IOCTYIOBO 4Yepe3 KpamelbHy BOPOHKY JOAAaBalld PO3YUH MepCyibhaTy aMOHIIO.
[Ticst 9oTO CUHTE3 TPOBOAMIIN POTATOM 3 ToauH. OepKaHuil TEMHO-3€TICHUH 0caj Biapasy
K PETEIbHO TMPOMUBAIHM €TAHOJIOM JUIS BHUIAJIICHHS OpPTaHiYHUX JOMIIIKIB 3 IOJAIBIION0
npomMuBKo0 BoAHUM po3zurHoM 0,01M HCI ans BuiTyuyeHHs HeOpraHiqHUX 3anuKiB. OCHOBY
eMepalIbJIMHY OJepXKYyBajH LUIIXoM JenonyBaHHs [IAH B 2% po3uuHi TipOOKCUIY aMOHIIO 3
HACTYITHUM BUCYIIYBaHHSM Yy BakyyMHiH magi npu 80°C.

Hanokxommosutu Ha ocHoBl ITAH Ta nMoS; ado nWS, — nMoS,/ITAu Ta nWoS,/ITAu
— OJIEpXKYBaJIM NUISIXOM MEXaHOXIMIYHOi 00poOku cyxoi cymimn 2 1 ITAH Ta BinnmoBinHOI
KiTbKOCTI nMoS; a6o nWS, 3 Bmictom 25, 50 ta 75 Bar.% (BiamoBimHO nMoS,/ITAH(75),
nMoS,/TTAH(50), nMoS,/ITAH(25)y Bunagky nMoS,; ta nWS,/TTAH(75), nWS,/ITAH(25),
nMoS,/ITAH(75) y Bumanky nWS;) mpu OJHAKOBHUX yMOBaX CHHTE3y. HaHOKOMMO3WUTH
nMoS,/ITAx Ta nWoS,/IIAH BUKOPUCTOBYBaIM ISl TOJANBIINX JOCIIIKEHb 0e3 Oyb-saK0i
JI0JTATKOBOT 0OpOOKH.

Jlis BuUBYEHHA MOPQOJOrii 3pa3KiB HAHOKOMIIO3HMTIB BUKOPHCTOBYBAJU METO]
TpaHcMiciifHOi enekTpoHHOi Mikpockonii (TEM). EnextponHi MikpodoTtorpadii HaHOYaCTOK
CHUHTE30BaHMX MaTepiayiB OyiaM oTpuMaHni 3a gonomororo Mikpockona TEM125K (SELMI),
npaioroyoro npu norexmiani 100 kB 3 posainbHOIO 31atHICTIO 0,3 HM, MPHUYOMY 3pa3Ku
HAaHOCWJIMCS Ha amMop(HYy BYIUICIIEBY IUTIBKY, IO MOKpPHBAJa MAKIAAKY 3 MimHOI ciTku. Ha
BKa3aHOMY MIKpPOCKOII OyJW TaKO)XX TIPOBEACHI BHUMIPH €JICKTPOHHOI IupaKiiii.

JlocniKeHHsT peHTIeHIBChKOT AU(pakilii MOPOLIKiB 01ep>KaHUX HAHOKOMITO3UTIB MPOBOIMIN
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Ha mudpakromerpi D8 ADVANCE (Bruker) 3 Buxopucranusm ¢insrpoBanoro Cu K,
BUIIPOMIHIOBaHHA B iHTepBali KyTiB 26=1-70° 3 kpokom B 0,05.

Jlis mpoBeneHHsl eJIeKTPOXIMIYHUX AociikeHb metogoM L[BA BukopucroByBamu
noteHmiocrar-ranbBanoctar WAUTOLAB III/FRA2 (ECO CHEMIE). ExcnepumeHntn
NPOBOJIWIA B TPHUEIEKTPOAHINA eleKTpoximiuHid komipui. Ckmag pobodoro eneKkTpomy:
aKTUBHHMI MaTepian 75 Bar.%, cTpyMoIpoBigHa Jo0aBKa (aneTuieHoBa caxa) — 15 Bar. % i
noJiiMepHe B'sKyde, B SAKOCTI SKOr0 BHKOPHCTOBYBalM MOJi(BUHINIIAEHPTOPHUA-CO-
rekcadroponpomninen) (Aldrich) — 10%. PoGounii enektpon Ha OCHOBI HAHOKOMITO3HUTIB
TOTYBJIM NIUISIXOM JIOJaBaHHS JI0 aKTUBHOTO KOoMIOoHEHTY 10 Bar. % moyiiMepHOro B’ sKy40TO
Ta HAHECEHHS 3 AMCIepcii B anmeToHi Ha ckiorpadiToBy mracTuHy mromero 1,5 cm”. B
SIKOCTI MPOTHEIEKTPOAY CTyKHIA I[UIATHHOBA IUIACTHHA IUIOMCI0 6 CM”, a ENeKTPOIy
nopiBusEEA — enektpon Ag/AgCl (Li/Li", E= 0.22 B BigH. HOpPMaTbHOTO BOJHEBOTO
enektpony.). LIBA peecrpyBaym B 1 M po3unni HCl. [uxiryBaHHS MOTEHITIATY TPOBOIUIN Y
niana3oHi -0.2—1.0 B Bign. Ag/AgCl.

XPOHOIMOTEHI[IOMETPUYHI JOCHIKEHHSI [UKIYBaHHS 3apsa1y-po3psay MPOBOAMIH 32
JIOTIOMOT'0I0 KOMIT'FOTEPU30BaHOr0 32-KaHAJIBHOTO CTeHAy Oe3nepepBHOi Aii. JlocmimkeHHs
Oy mpoBeJEeHI B TPUETEKTPOIHIN KOMIpPIIl 3 aHAJIOTIYHOI KOH(Iryparie€, Ky HaBeJIEeHO
Bunle. LuxiyBaHHs 3apsay po3psay MpoBOAOAM Yy Alana3oHi noreHuiany -0.2—-1.0 B Bian.
Ag/AgCl.

Ilepen mnpoBeneHHSIM E€IEKTPOXIMIYHHUX JIOCHKEHb poOoul  eNeKTpoAu Ha
ButpumyBai B 1 M pos3uuni HCl npotsrom rogunu ans nomyBaHHs nonimepy. Ilutomy
€MHICTb HaHOKOMMO3UTIB NnMoS,/ITAH Ta nWoS,/IIAH Bu3Hayanmm 3 po3paxyHKy Ha Macy
HaHOKOMIIO3HUTY.

3 BUKOPHCTaHHSM METOJIB TpaHCMICiiiHOT enekTpoHHOI Mikpockomii (TEM) Ta
PEHTIeHIBCbKOI JU(pakiii HaMu Oylu JOCHIKEHI CTPYKTypa Ta MOp(oIoris ojaep:kaHux
HaHokoM1o3uTiB nMoS,/ITAH Ta nWS,/IT1AH. Ha puc. 1 HaBeneno TEM 300pakeHHsST 4acTOK
nMoS,/ITAH 3i ckmagom nMoS/TTAH(75) (puc. 1, a) Ta nMoS,/ITAH(25) (puc. 1, 6). Ak BugHO
3 puc. 1, a, HaHOKOMITO3UT MOS,/TTAH(75) cknamaeTbcs 3 BEMTUKUX YaCTOK, SIKI YSBISIOTH
c00010 MOJTIMEPHY MATPHITIO BCEPEAMHI SIKOI 3HAXOAATHCS YacTKu MoS; po3mipom 50-100 HM.
B Toit ke gac Hanokomno3uT nMoS,/ITAH(25) ckitagaeTbes 31 3HAYHO MEHIIIUX YaCTUHOK (puc.
1, 0), sIKi B CBOIO Uepry TAaKOX MPEJICTABISIOTh co00t0 arnomepaty [IAH 3 HaHOYacTkamMu MoS;

BcepeauHi. Sk BumHO 3 puc. 1, 6, yactku nMoS, B HaHOKOMIIO3uTI nMoS,/ITAH(25) MatoTh
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BUTATHYTY (opMy 3 mornepedyHuM po3mipoMm ~10-20 HM Ta po3TairoBaHi Ha MEHIIN BiICTaH1

0J1Ha BiJ 07HOT TTOopiBHSIHO 3 NMoS,/TTAH(75).

500 um

Puc. 1. TEM 300pa:keHHsI 4aCTUHOK HaAaHOKOMIIO3UTiB nMoS,/IIAH(75) (a) Ta
nMoS,/ITIAu(25) (0)

Puc. 2. TEM 300pa:keHHs1 4aCTUHOK HaHOkoMIO3uTiB nWS,/ITAu(75)(a) Ta
nWS,/ITAH(25) (6)

AHaJNOTIYHI HAHOKOMIIO3UTH Ha OCHOBI nWS; XapakTepu3yrThCsi MOAIOHOIO
Mopdororiero (puc. 2, a ta 6). Y Bunaaky "Hanokommno3uty nWS,/ITAH(75) HeopraHiuHi
gacTku WS, TakoX 3HaXOASATHCS BCEpPEIMHI MOJIMEPHOI MaTpHIll Ta MalOTh CEpeHId po3Mip
~100 Bm (puc. 2, a). B Ttoit xe wac HaHOokoMmo3uT nWS,/TTAH(25), sk 1 y BUNAAKY
nMoS,/ITAH(25), Takoxk mpeacTaBise coOOI0 MOMIMEpHUIl arjomepaT 3 BOyIOBaHUMU
Bcepeauny vactkamu nWS, (puc. 2, 6). B nanomy Hanokommosuti 9acTku hWS; Takox
MalOTh BUTATHYTY ¢dopMy 3 momnepedHuM po3mipom ~10-20 um. IIpo HasBHICTH y ckiami
HAHOKOMITO3UTIB 4YacTok MoS, Ta WS, TakoxX CBiq4aTh TOYKOBI EJIEKTPOHOTpaMU 3
reKcaroHaJIbHOIO cuMeTpiero (puc. 1 Ta puc. 2).

Takum yrHOM, TTOpPiIBHIOIOYHM HaHOKOMITO3UTH NMOS,/ITAH Ta nWS,/ITAH, BUIHO, 110
MIPU OJTHAKOBOMY CKJIaJi Ta PI3HUX HEOpraHiyHUX ckiamoBux (MoS,; abo WS,) B pesynbrari
MEXaHOXIMIYHOTO CHHTE3y (OpPMYIOTbCS Marepiagu 3 Moai0OHOI Mop¢oJori€lo, 1o,

BipOTiJTHO, 00YMOBIIEHO iX OJIM3BKOI0 CTPYKTYPOIO.
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Ha puc. 3 Ta 4 HaBemeHI pEHTIeHIBChKI aU(paKTOrpaMu OACP)KAHUX HaAMH
HaHokoMIto3uTiB nMoS,/I[TAH ta nWSy/ITAH. Sk BHIHO 3 PHUCYHKIB, IuU(paKTOrpamMu
BKa3aHUX HAHOKOMIIO3UTIB BKJIIOYAIOTh pe(pIeKCH, OTPUMAaHi TIABKH BiJ KPUCTATIUHOL
cTpyktypu MoS; abo WS, Ta npu npomy He crioctepiraerscsi curnan Bin [1AH, xoua #oro
BMICT B HaHOKoMITo3uTax NMoS,/ITAH(75) (puc. 3, a) Ta nWS,/ITAH(75) (puc. 4, a) ckiagae
75 Bar%. OueBHAHO, BIACYTHICTh AUGPAKIIIAHOIO CHUTHAY BiJ MOJIMEpy OOYMOBIIEHE
MEXaHOXIMIYHUM CIIOCOOOM OJiep>)KaHHS HAHOKOMITO3UTIB, B PE3yJIbTaTi SKOTO MOXJIMBE HE
TITPKA JIONIATKOBE pO3IIAPYBAaHHS 4YacTOK aucyib(dimiB, ame W coenudivyHa yrnakoBKa
nanmioriB [IAn naBkono Hux. [lomiOHy BiACyTHICTH IudpakuifHUX peQIIEKCIB TaKOK
criocTepiraiay Jjisi HAHOPO3MIPHUX IIapiB MONIETUICHAIOKCITIOheHy B poOOTi, aBTOPU SKOT
MOSICHIJTM TaKUH €PEKT 0COOIUBOIO OPIEHTAIIEI0 MAKPOMOJIEKYIL.

Ocob6nuBicTio OymoBu HaHokoMno3uTiB NWS,/ITAH(50) Ta nWS,/ITAH(25) Takox €
MOJKJIUBICTh YaCTKOBOTO (DOpMYBaHHSI CTPYKTYPH THUIY TiCTb-Xa3siH, IO MPOSIBISETHCA Y
nosiBi Ha 1X qudpakTorpaMax HECUMETPUUHOTO pediekcy B o0nacti 14° (puc. 4, 6 ta B). Taka
dbopma pedrekcy, a came TosiBAa rajo B 00JIacTI MajguX KYTiB, MOXE CBIIYATH TIPO
30UIBIIEHHS. MDKIIAPOBOIO IPOCTOpPY, IO MOXe OyTH 0O0yMOBIEHO BOYIOBYBaHHIM

MaKpOMOJIEKYJI TIOJIIMEPY B CTPYKTYpy WS,.

(©) (8)

IHTEHCUBHICTS, CPS.

10 20 20 40 50 60 70

20,rpan

IHTEHCHBHICTS, CpS

20

20.rpan

40

IHTeHCUBHICTS, CpS

Puc. 3. PentreniBcbki aupakrorpaMu HAaHOKOMIIO3UTIB

0 20 3 40 s 6 70 8
26, rpan

nMoS,/TTIAu(75) (a),

nMoS,/TIAn(50) (6) Ta nMoSy/ITAR(25) (B)

(a) (6) (8)

IHTEHCHBHICTS, CpS
IHTEHCHBHICTb, CPS
IHTEHCUBHICTb, CPS

T T T T T T ) T T T T T T , T T T T T T )
10 20 0 4 %0 60 70 0 10 20 30 W 50 50 3 0 10 20 30 W 50 60 i
20,rpan 26, rpan

Puc. 4. PentreniBcbki nudpaxrorpamm HaHokommno3utTiB nWS,/ITAu(75) (a),
nWS,/ITAH(50) (0) Ta nWS,/ITAH(25) (B)
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Jlst BU3HAYEHHST CTa01IbHOCTI POOOTH CYNEpPKOHICHCATOPIB Ha OCHOBI OJIEp)KaHHUX
HaHokoMI103uTiB NMoS,/IIAH Ta nWS,/IIAH Oyna mociimkeHa MOXIUBICTh iX TPHBAJIOTO
[UKITYBaHHS 3apsay-po3psay B TallbBAHOCTATUYHOMY pekuMi (puc. 5). Sk BuaHO 3 puc. 5, a,
NPUCYTHICTH B 00'eMi mojliMepy 4acTok nMoS; y BUMaaky HaHOKOMIO3uTy nMoS,/ITAH(75)
MPU3BOJIUTL J0 3pOCTaHHS HE JIMIIE MUTOMOI €MHOCTI, ajie 1 TOKpalIeHHs i cTaOlIbHOCTI.
Crnin 3a3Ha4uTH, 10 U1l HaHOKOMIIo3uTiB nMoS,/ITAH(75) Ta nMoS,/ITAH(50) Ha moyaTky
LUKITYBaHHSI CIIOCTEPIra€eThCs MOCTYIIOBE 3pOCTAHHS €MHOCTI, 1110 B IPUHIIUII € XapaKTEPHUM
s [TAn [18, 24, 25]. Tak, emHicte HaHOKOMIIO3UTy NMoS,/ITAH(50)Ha mepmomMy UK
cknanae ~350 @/r, ska 3pocrae 1 mpoxoauth depe3d mMakcumym (370 @/r Ha 3-my nwmki) i

MOTIM 3HIKYEThCA 1 CTabUi3yeThes npu 3HadeHHs ~350 O/t (puc. 5, a).

450

]
s T [0 v TR TS T T TR T TR T 400

350 -

300 A

2504

200 4 L//I/Ill///Illll/IlIl/l/Ill/ll/lllll/Ill///Illl//lIllll/Illllllllllllll//////////”/////,””/””

—m— [NAH

Mutoma eMHicTb, MA-U/T

150 —m— MNAH
—0— nMoS,/NAH(T5%) —O0— nWS,/MAH(75%),
O NMoS,/MAH(50% %7 o- nws,NAn(s0%)
i~ nMoS, /MAH(25%) 50 |- nWS/NAN(25%)

0 T T T T )
0 20 40 60 80 100

Homep uumkny

Puc. 5. 3anexuicTs po3psignoi emuocti HanHokomMno3utiB nMoS,/I1AH (a) nWS,/ITAn
(0) Ta Bix KINBKOCTI NMKJIB 3apsiny-po3psaay. llukiayBaHHs NPOBOAMIN NPH
NUTOMOMY cTpyMi 2 A/r

B rtoit xe udac, HaHOKOMNO3UT NMoOS,/ITAH(75) Ha mepioMy LUK Mae poO3psAIHY
emHicTh ~300 @/r, gxa moTiM 3poctae 1 michas 20-ro IUKITY 3apsay-po3psany Jocsrae
~400 ®/r. Tlpm upoMy Ha BigMiHY Big iHAMBiAyadbHOro I[IAH HaHOKOMIIO3UTH
nMoS,/ITAH(75) Ta nMoS,/ITAH(50) nposIBISIFOTH BUCOKY CTaOLIBHICTH (pHC. 5, a).

3a CBOIMH pPO3PSHUMH XapaKTEPUCTHKAMH HAHOKOMITO3UT 3 BHCOKHM BMiCTOM
nMoS; — nMoS,/ITAH(25) — icroTHO BiapizHseTbes Bix nMoS,/TTAH(75) Ta nMoS,/TTAH(50).
Sk BUIHO 3 puC. 5, a, MUTOMA €MHICTh IILOIO MaTepially Ha MOYaTKy LUKIyBaHHS 3apsay-
po3psay 3menmryerbest Big 280 d/r (1 mukia) mqo 240 ®/r (20 mukia) 1 NpU MOJATHIIOMY
IIMKJIYBaHHI Mai’ke HE 3MIHIOETHCS.

Enextpoximiuna noBeainka CK Ha ocHoBi nWS,/ITAH (puc. 5, 6) monidHa A0 Takoi

st nMoS,/ITAH (puc. 5, a). Sk 1 y Bumagky nMoS,/ITAH 11 Takux HaHOKOMIIO3UTIB Ha
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MOYaTKy UUKIYBaHHS CIIOCTEPIraeThCsl TOCTYIOBE 3POCTaHHS IMUTOMOI €MHOCTI Ta ii
HE3MIHHICTh MPOTATOM IHMKJIYBaHHS 3apsly-pO3psly, IO CBIIYUTH MPO CTAOUII3YHOYY IO
HaHouacTok WS, Ha enekTpoximiuny podory CK. OnHak, mpu mbOMY TPOSIBISIOTHCS 1 MEBHI
BiqMiHHOCTI. Tak, MOPIBHIOIOYU MUTOMI €MHOCTI HaHOKOMMO3uTiB NMoS,/ITAH 1 nWSy/[TAH
3 MOJIOHKUM CKJIaJIOM BHJIHO, III0 €MHICTh HaHOKOMMO3UTY nMoS,/ITAH(75) MeHma emMHOCTI
nWS,/TTAH(75), emHocTi HaHokoMmo3uTiB NMoS,/ITAH(50) 1 nWS,/ITAH(50) Gmu3bki, a

eMHICTh HaHOKOMNoO3uTy nMoS,/ITIAH(25) Mae Oinplne 3HauYeHHS HDK Yy BHIAJAKY

nWS,/ITAH(75):
Q(nMoS,/TTAH(75))= 405 /T Q(mWS,/TTIAH(75))=430 ®/r
Q(nMoS,/TTAH(50))= 350 d/r Q(mWS,/TTIAH(50))= 340 ®/r
Q(nMoS,/TTAH(25))= 245 @/t Q(nWSy/TTAH(75))= 200 ®/r

Taka BiIMIHHICTH Yy €NEKTPOXIMIYHIM MOBEMIHIII BKa3aHUX MaTepiaiiB, OYEBUIHO,
MOB’si3aHa 3 MPHUPOAOI0 HEOPraHiuyHOI CKIAJOBOi Ta B3AEMOJIEI0 MK KOMIIOHEHTaMU B
HaHokommno3utax nMoS,/ITAH 1 nWS,/ITIAn. Tyt cnmig 3a3HauuMTH, 110 MUTOMAa EMHICTh
HaHOCTpyKTypoBaHuX nMoS; 1 nWS, ne nepesuirye 100 @/r, Toai Sk e MOKA3HUK IS
iauBinyanbHoro IIAn ckmagae ~350-360 ®@/r. BpaxoByrouu, 1O BMICT TOJIMEpPY B
HanokoMmmiozutax nMoS,/TTAH(50) Ta nWS,/TIAu(50) cknagae 50 Bar.%, MokHa MIUTH
BUCHOBKY, 1[I0 MTUTOMa €MHICTb JOCIII)KYBaHUX HAaHOKOMIIO3UTIB 3a0€3MeUyeThCs HE TUTBKU
3a paxyHOK MpOTiKaHHs (apaeeBcbKkoro peaoke nporecy B [1AHI Ta 3apsmxenns [1EL, ane i

3a paxyHOK MOKJIMBO1 B3a€MO/IIi M’k KOMIIOHEHTaMH HAHOKOMITO3HTIB.

(a) i ——5mBlc . [—— 5 mBlc (B)

_  |——5mBlc 30 .
7 - 1oure -~ 10mBlg I I
20 MB/c| s 20 mB/c 7 20 MB/c

201 |- - 50 mB/c v 21 |- 50mBlo
|- -~ 75 mMB/¢ -~ 75 mBIc|

|-~ 50 mBlc
2l F-T5mBlC
[ 100 mB/c|

I, AIr

T T T T T 1 T § ¥ § i § T T T T T T T T
02 00 02 04 06 08 10 02 00 02 04 06 08 10 02 00 02 04 06 08 10

Motenuian, B siaH. Ag/AGCI Motexwiian, B siaH. AgiAGCI Moreruian, B eigH. Ag/AgC!

Puc. 6. IBA wnanoxkommno3utiB nMoS,/ITIAu(75) (a), nMoS,/ITAu(50) (0) i
nMoS,/ITAH(25) (B) mpu pi3HUX MBUAKOCTAX PO3rOPTKH MOTEHUIATY

JIns1 BUSICHEHHS SIKUM YMHOM HasBHICTh 4acTOK nMoS; ta nWS,, a Takox iX BMICT B
noJiiMepi BIUTMBA€E Ha €NEKTPOXIMIYHY MOBEAIHKY HAHOKOMITO3UTiB NMoS,/ITAH 1 nWS,/T1AH

Hamu Oyino mociimkeno ix LIBA (puc. 6 ta puc. 7). Tak, HAHOKOMITIO3UTH Ha OCHOBI MoS;
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IpU HEBUCOKHX IIBUJKOCTSIX PO3TOPTKM MOTEHIIaly MaloTh (OpMYy XapakKTepHy IS
iHauBinyanpHoro Ilan. [[ns Bcix HaHokommo3uTiB nMoS,/ITAH 1 nWS,/ITAH Ha 1IBA 1mpu
HEBUCOKHX HIBHJIKOCTAX CKaHYBaHHS MOTEHINIaNly CIIOCTEPIraloThCs MIKM OCHOBHHUX PEIOKC
nepexoxaiB [TAn. OnHak npu HiABUINEHI MIBUIKOCTI PO3TOPTKU MOTEHIAy opMa KPHUBHX
[IBA crae Ou1blI ITaJKOI0 3 HESIBHO BUPAKEHUMHU MiKaMH, IO CBITYUTH PO BUHUKHEHHS
MIEBHUX TPAHCIIOPTHUX OOMEKEHb aHIOHIB-OMAHTIB B mojimMepi. Tak, g HAaHOKOMIIO3UTIB
nMoS,/ITAH(75) Ta nMoS,/ITAu(50) npu mBuzakocti posroptku 50 MB/c dopma kpuBux
[IBA mae BUTATHYTY (OpPMY Ta Ha HUX HE MPOSBISIOTHCS OCHOBHI PEIOKC MiKU MOMiIaHUTIHY
(puc. 6, a ta 6). B Toii )xe yac, xapaktepHa qis [IAn xpuBa [IBA 11 HaHOKOMIIO3UTY

nMoS,/ITAH(25) 36epirae cBoto ¢hopMy i rpu mBUAKOCTI po3ropTku 100 MB/c (puc. 6, B).

I, Alr

T U T T T d u u T u u ] u u T y y J
0.2 0.0 0.2 04 0.6 0.8 10 0.2 0.0 0.2 0.4 06 0.8 1.0 0.2 0.0 0.2 0.4 06 0.8 10

MoteHuian, B BigH. Ag/AgCI Motenuian, B eink. Ag/AC MoteHuian, B BinH. Ag/AgCI

Puc. 7. IIBA nanoxommno3utiB nWS,/IIAH(75) (a), nWS,/IIAu(50) (0) i
nWS,/ITAH(25) (B) npu pi3HHX WBHAKOCTAX PO3rOPTKH NOTEHLIaTy

VY Bunaaky HaHoxkommo3uTiB n'WS,/IIAH criocTepiraeTbcs aHaJoriyHa KapTuUHa (pHC.
7), 3a BUKJIIOYEHHSM TOro, 110 Yy HaHokoMmo3uTi nWS,/ITAH(25) (anamor nMoS,/TTAH(25))
¢dopma xpuBoi LIBA npu BUCOKHMX HIBHJIKOCTSX PO3TOPTKH MOTEHIIATy HE MA€ BUPAKEHUX
miKiB AK 11e Mae micie y Bumaaky nMoS,/TTAH(25) (puc. 6, B). O4eBUAHO 1€ TOB’S3aHO 3
MIPUPOJIOI0 HEOPTaHIYHOI KOMIIOHEHTH HaHOKOMITO3UTIB W S,/ITAH, sika MOXke BIUIMBATH Ha
Mophoiorito MaTepiany 1 sSIK HaclliJIOK Ha TPAHCIOPT aHIOHIB-JOIAaHTIB B 00’ €Mi MOIIMeEpYy.

Ha puc. 8, a HaBeneHi MIBUAKICHI XapaKTePUCTUKU HaHOKOMNO3UTiB nMoS,/I1AH, 3
SKUX BUIHO, IO ITUTOMAa €MHICTh HaHOKOMITO3UTIB NMoS,/ITAH(75) Ta nMoS,/TTAH(50%)
IpU IIBUJIKOCTI PO3ropTKH moTeHuiany meHme 50 mMB/c Bume Hixk 111 nMoS,/ITAH(25). B
TOM ’K€ Yac NHTOMa EMHICTh HAHOKOMIIO3UTY 3 HaWOLIbIIMM BMICTOM HEOpPTraHiuHOT
cknanoBoi nMoS,/ITAH(25) npu mWBHAKOCTI po3ropTku moteHImiany Buile 50 MB/c HaOyBae
OUTBII BUCOKUX 3HAuUeHb. Taka moBeaiHKa HaHOKOMIO3UTYy nMoS,/TTAH(25), oueBuIHO,

noB’si3aHa 3 TuM, mo map IIAH, skuii oroprae HeopraHiyHi yacTUHKM nMoS, B JaHOMY
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Martepianai € JOCHTh TOHKHM, IO TEBHOK Miporo 3HiIMae audysiiiHi oOmexeHHs B [IAH 3a

paxyHOK 3MEHIIICHHS JOBXHHH TU(PYy31HHOTO NIUIAXY aHIOHIB-IOIAHTIB.

. (a) (6)

450 -
400 ® -
\ 400 4 \
= 3501 @ -
E I\ L 30 o0 o
< 300 u 5 300 b4
E ° < 7]
T 250l A,A\x s \
£ > . & 2504 L] .\
g —_ 5]
£ 2004 s A—. T 0] Ay ¢
g 150 g \A\.
E 4 e T 150
g = nMoS,/MAH(75%) T— 8 Fa— WS, MAR(75%) 4
£ 100 | @ nMoS,MAN(50%) € "7 |-e—nws nAu(s0%)
o 6
s0]  |~A—nMoS,MAH(25%) 504 |—A—nWS,/MAH(25%)
0 T T y T T 0 y y Y

T
0 20 40 60 80 100 0 25 50 75 100
LLBKAKiCTb po3ropTku noTeHujiany, MB/c LBunAakicTb posropTkn noTeHujany, MB/c

Puc. 8. 3agexnicts nuromoi emHocTi HaHOKoMmoO3uTiB nMoS,/IIAn (a) i
nWS,/I1AH (6) Bix IBUAKOCTI pO3ropTKH MOTEHLiaTy

Hns  HaHokoMmno3uTiB nWS,/IIAH mpu HEBHCOKHMX IIBHJIKOCTSX PpPO3TOPTKU
MOTEHIIIay HalOIbIle 3HaYeHHSI TUTOMOT €éMHOCTI Mae HaHOKoMITO3UT nW S,/ITAH(75) (puc.
8, 0). OqHaK, Ipy MiJBUIIEHH] NIBUIKOCTI CKaHYBaHHS MOTEHIay €EMHICTh HAHOKOMIIO3UTY
nWS,/TTAH(75) mBuako 3MeHmyeTbest 1 Bume 50 MB/c ii 3HaueHHs cTae MEHIIMM HIXK Y
nWS,/ITAH(50), a mpu 100 MB/c nocsirae 3HaueHs eMHOCTi nWS,/TTAH(25).

BigMiHHICTE Y €JIeKTPOXIMIYHHUX XapaKTepUCTHKAaX HAHOKOMMNO3UTIB nMoS,/ITIAH i
nWS,/ITAH, oueBHIHO, MOXE OYTH MOB’si3aHa 31 CTPYKTYpPOIO BKa3aHUX HAHOKOMITO3UTIB. Sk
BKa3yBaJIOCh BHILE, B HAHOKOMIIO3UTaxX Ha OCHOBI WS, MOXIJIMBE yTBOPEHHsS Marepiaiy 3i
CTPYKTYpOIO TiCTh-Xa3siH (puc. 4, 6 Ta B), IO MOXe MPU3BOJUTH 10 NMEBHUX YCKJIAIHEHb
JIOCTYIy aHIOHIB-JIOTIAHTIB /10 AEAKO1 KIJIbKOCTI PEJOKC-LIEHTPIiB MOJIMepy, OCKUIbKHM YacTHHA
MaKpOMOJIEKYJT 3HAXOJUThCSI BeepeanHi MiKmapoBux raiepeit WS,. lle Moxke mosicHIoBaTH
BIIMIHHICT, Y €JIEKTPOXIMIYHHUX XapaKTepUCTHKaX HaHOKOMIO3UTIB nMoS,/IIAH 1
nWSZ/HAH.

Bucnoeku

Takum uymHOM, B pe3ysnbTaTi BUKOPUCTAHHS MEXAaHOXIMIYHOTO METONY OJIepP)KaHO
HAHOKOMITO3UTH Ha ocHOBI ITAH Ta HaHOCTpYKTYpOBaHuX MoS, Ta WS, 3 BMicTOM moJiiMepy
25, 50 Ta 75 Bar.% (BigmoBimHO nMoOS,/ITAH(75), nMoS,/TIAH(50), nMoS,/TTAu(25) y
Bunagky nMoS, ta nWSy/ITAH(75), nWS,/TTAH(50), nWS,/[TAH(25) y Bumanky nWS,).
JlociKkeHo eJIeKTPOXIMIUHI XapaKTEPUCTUKU OJEP)KaHUX HAHOKOMITO3UTIB nMoS,/ITIAH Ta
nWS,/ITAH Ta mokaszaHo, IO Taki MaTepiaidi MOXYTh OyTH BUKOPHCTaH1 SIK TJOCUTh aKTHBHI

KOMITOHEHTH €JIEKTPO/IIB CYNEPKOHAEHCATOPiB. B pe3ynbTaTi TeCTyBaHHS €JIEKTPOXIMIYHHX
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KOMipOK BCTaHOBJICHO, IO BCl oz[epn(aHi HAaHOKOMIIO3UTH IIPOABIIAIOTE PEAOKC aKTHUBHICTb B

nmiarmazoni  moteHmiamiB  -0.2—-1.0 B Bimn. Ag/AgCl. Ilpu 1npoMy HAHOKOMIIO3UTH
nMoS,/ITAH(75) Ta nWS,/TTAH(75) XxapakTepu3yloTbcs 3HAYCHHSIMHU MMUTOMOI €MHOCTI, SIKa
MIEPEBHUIILYE TaKe 3HAYCHHS AJIs iHAUBIAyabHOTO [1AH.

BceranoBneno, 1o HaiOLIbINI 3HAYEHHSMU HUTOMOI PO3PSAHOI €MHOCTI MAalOTh
HAaHOKOMITO3UTH 3 HaWOUIbIuM BMicTOM momimepy nMoS,/ITAH(75) Ta nWS,/ITAH(75) 405
ta 450 @/r, BignorigHo. KpiMm Toro, mokasano, mo HaHokommozutu MIT ta WII (50 Bar.%
[TAH y ckiani HAHOKOMITO3UTIB) MArOTh 3HAYEHHS NMUTOMOI PO3PSAAHOT €MHOCTI Ha piBHI
IHIUBIIYaTbHOTO TOJIMEPY, TOMI K €MHICTH nMoS,; Ta nMoS, He nepesuniye 2 ®/r. Taki
3HAYEHHS MUTOMOI pO3psiIHOT €éMHOCTI HaHOKOMITO3UTIB NMoS,/ITAH(50) Ta nWS,/TTAH(50)
MOKYTh OyTH OOYMOBJICHI IPUCYTHICTIO HAHOYACTOK TUCYIb(iAiB MONiOaeHY Ta BoJIb(pamy
y IX CTPYKTypi, SIKi 3a paxyHOK B3a€MOJii MK KOMIIOHEHTaMH MOXYTh 3a0e3nedyBaTu
JOCTYM J10 O1IBIIOT KITBKOCT1 pEAOKC aKTUBHHX IIEHTPIB /IS aHIOHIB-AOMAaHTIB.

B pesymbraTi = AOCHIMIKEHHS ~ IIBHJIKICHMX  XapakTEePUCTUK  OJEpXKaHHUX
HAaHOKOMITO3UTIB, BCTAHOBJICHO, 1[0 HANOUIbIII 3HAYEHHSI €MHOCTI TPH BUCOKHX IIBHIKOCTSIX
pO3TOPTKH TOTEHINIATYy MarTh HAHOKOMIIO3UTH 3 HAWOUIBIIMM BMICTOM HEOPTaHIYHOI
ckianoBoi: nMoS,/TIAH(25) Ta nWS,/ITAH(25), mo, BipoTiAHO, MOB’SI3aHO 3 HEBEIUKOIO
TOBIIMHOIO TIAp TOJIMEPY HABKOJIO HEOPraHIYHMX HAHOYACTOK, IO MOXE 3HAYHO

MOJIETIIYBaTH TPAHCIIOPT aHIOHIB-JIOMAHTIB B MPOLIEC] 3apsay-pO3PAIY.
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Enexmpoxumuueckue colicmea mMexaHoXumuuecku noiy4eHslX HAaHOKOMHO3UMOG
Ha OCHO8e NOJUAHUIUHA U HAHOCMPYKMYPUPOBAHBIX OUCYIbPUO08 MmoaudOena u
6071b(hpama Kax I1eKmpoooe cynepKoHOeHcamopos

Taspunvuux H. B, Ko3zapenko O. A2, JInown B. C.°

! Kuescruii nayuonanshwii VHU8epcumem mexHoI02Uull U OU3auHa

? Hnemumym ¢uzuuecxou xumuu um. J1. B. Iucapoicesckoeo HAH Yrkpaunwvi

I]ens. Hccnedosamu INEKMPOXUMUYECKUE @yHKYyUuOHANbHBIE  Cc8OlUCMBA
HAHOKOMNO3UMO8 HA OCHO8€ NONUAHUIUHA U OUXATILKO2EHUO08 MONUbOeHna u 8onbghpama,
NONYYEHHBIX MEXAHOXUMUYECKUM CHOCOOOM.

Memoouxka. B ocHosy pabomel nonodiceHvl UCCIE008AHUSL MEXAHOXUMUYECKU
NONYYEHHbIX — HAHOKOMNOZUMHBIX — MAMeEPUanog Kak  NepCchneKmuHblX  91eKmpo0oos
cynepkonoencamopos.  Hccnedosanusi  npo8OOUNUCL € UCHONb308AHUEM — Memo008
MPAHCMUCCUOHHOU  DNIEKMPOHHOU — MUKPOCKONUY, — PEHMEeHOBCKOU  oupakyuu  u
INEKMPOXUMUYECKUX — MemOOUK,  MaxKux KAk  YUKIudeckas  BONbmamnepomempus,
XPOHONOMEHYUOMEMPUS.

Pe3ynomamul. Mexanoxumuyeckum cnocobom noayueHo HAHOKOMNO3UMbL HA OCHOGE
NOMUAHUAUHA U HanOcmpykmypuposanuvlix MoS2 u WS2 ¢ paznuunvim coodepowcanuem
noaumepa. Hccneoosanul NeKMPOXUMUYECKUEe  XAPAKMepUCmuKu NONYYEHHbIX
Hanoxkomnozumog nMoS2 / IAu u nWS2 / I[IAn u nokazano, umo maxue Mamepuaibl MO2ym
ObIMb  UCNONL308AHbI KAK AKMUBHbIE KOMNOHEHmMbl 21eKMpo008 CYNepPKOHOEHCAmopos.
Ilokazano, umo yoenvbHas emMKoCmb MAKUX Mamepuanos moxcem oocmuzamo 405 u 450 @ /2
ona nMoS2 / IlAu (75) u nWS2 / I[IAn (75), coomseemcmeenHo. Ycmanosneno, umo
Haubovbuiue 3HAYeHUs eMKOCMU NPU 8bICOKUX CKOPOCMSAX PA38epMKU NOMEHYUANd UMEOm
HAHOKOMHNO3UMbL C HAUOOLUUM COOepIHCAHUEeM HeopaHudeckou cocmasasiowetl. nMoS2 /
HAu (25) u nWS2 / I[IAn (25), umo, eeposmuo, c643aHO C HEOONbUIOU MOIWUHOU CIOU
noauMepa BOKpY2 HEOpP2AHUYeCKUX HAHOYACMUY, MONCem 3HAYUMENbHO o0bae24ams
MPAHCnopm AHUOHO8-00NAHMA 8 npoyecce 3apsaoa-paspaoda.

Hayunaa mnoeusna. Ilpeonodicen HOBbIU MEXAHOXUMUYECKUL MemMOO NOJYYeHUs.
HAHOKOMNO3UMHbBIX MAMEPUAOs.

Ilpakmuueckasa 3nauumocms. [lonyuennvie HAHOKOMNO3UMbL  MO2Ym  OblMb
UCNONIL3068AHL KAK IhhexmusHble 31eKmpoobl CYnepKOHOEeHCamopos.

Knrouegvie  cnosa:  HaAHOKOMNO3UmMbl,  MEXAHOXUMUS,  CYNEPKOHOEHCAmopul,
ROAUAHUTUH, OUCYTIbGUO MOAUOOeHa, OucyTbhuo sorvhpama

Electrochemical characteristics of the mechanochemically obtained nanocomposites
based on polyaniline and nanostructured molybdenum and tungsten disulfides as
supercapasitor electrodes
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Purpose. To investigate elechtrochemical functional properties of the
mechanochemically obtained nanocomposites based on polyaniline and molybdenum and
tungsten dichalcogenides.

Methodology. Our work is based on the researches of the mechanochemically
obtained nanocomposite materials as promising supercapasitor electrodes. The studies were
conducted using methods of transmitance electron microscopy, X-Ray diffraction and
electrochemical methods as cycling voltametry, chronopotentiometry.
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Findings. The nanocomposites based on polyaniline and nanostructured MoS, and
WS, with different polymer contents were mechanochemicaly obtained. The electrochemical
characteristics of the obtained nanocomposites nMoS,/PAn(75) and nWS»/Pan(75) were
studied and it was shown, that such materials can be used as active components of
supercapasitor electrodes. The specific capacitance of the materials was shown to reach 405
and 450 F/g for nMoS,/PAn and nWS,/Pan respectively. It was established that the
nanocomposites with the highest contents of inorganic compound (nMoS,/PAn(25) and
nWSy/Pan(25)) have the biggest capacitance value under high rates of the scan rate, which is
authentically due to low polymer layer thickness around the inorganic particles, and that can
significantly facilitate the transport of the anion-dopants during the charge-discharge
process.

Originality. The new mechanochemical method for the obtaining of the nanocomposite
materials was introduced.

Practical value. The obtained nanocomposites can be used as effective supercapacitor
electrodes.

Key words: nanocomposites, mechanochemistry, supercapacitors, polyaniline,
molybdenum disulfide, tungsten disulfide
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