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XAPAKTEPHI OCOBJIMUBOCTI MPOLECY I'lITPOMEXAHIYHOI'O
CUHTE3Y HAHOITIOSACIB IIEHTAOKCHUAY BAHAIIIO

Y pobomi npedcmasneno pezyiomamu eKCNEPpUMEHMANbHO20 OO0CHIONCEHH Npoyecy
cunmesy HaHocmpiyox newmaokcudy eanadiro (V:0s) 3a ymogé ciopomexaniyuno2o eniugy be3
3aCcmocy8aHts 6UCOKOmMeMnepamypHoi 00pooxu. Ak 6UXiOHi KOMNOHEeHMU BUKOPUCMOBY8ANIUCS
nopouwiok V:0s ma 600ui pozuunu xaopudy nampiro (NaCl) piznoi konyenmpayii. Cunmes
NPOBOOUBCA ULIAXOM MPUBATIO20 NePeMiuly8aHHs CYCNeH3ii 3i NOCMIUHOW WBUOKICTI0
obepmanus. Y xo0i peakyii peecmpysanuce 3sminu pH, 6 s13x0cmi ma enekmponpogionocmi, wo
00360110 i0enmughikysamu emanu nepekpucmanizayii.

Memooamu ckanyrouoi enekmpoHHOI MIKPOCKONII NpOOEeMOHCMPOBAHO (HOPMYBAHHS
OOHOBUMIPHUX HAHOCMPYKMYP CMPIYKONOO0iOHOI mopgonozii 3 008x#CuHow0 00 7 MKM i
moswunoo oauzbko 10-15 wHm. 3minu nogepxwegoi cmpyKmypu CYNpo800}CYSANUCS
HOCMYNOBUM 3HUKHEHHAM BUXIOHOI 3epHUCmOi Mophonozii ma ymeopeHHAM HaHOnosAcis. 3a
00ONOMO2010  PEeHM2eHIBCbKOI  Ougpakmomempii  GUAGNEHO 3MEHUIeHHS  IHMEHCUBHOCI
KpUCMANIYHUX NiKi@ i3 4acom, wjo ceiouums npo nepexio 00 HAHOKPUCANIYHO20 CMAHY
mamepiany. Iixu 3nukanu noguicmio nicasa 96 200un 2iopomexaHiyHoi 0OpooOKuU.

Pesynomamu  yuxniunoi eonvmamnepomempii  6Ka3ylomv HaA me, WO KOMNO3UMHI
eneKmpoou Ha OCHO8I 2pagimy 3 000a8aHHAM cuHme3o8anux Harnocmpivox V:0s maromo
HatKkpawji eneKmpoXiMiyHi Xapakmepucmuku cepeo YCix O0O0CHIONCY8AHUX BaAPIAHMIE.
Bonvmamnepoepamu  demoncmpyiome  4imko —upadiceni pedokc-niku ma  30L1bUeHy
iHmez2panvHy niowyy, wo cei0uums npo RNiosuweHy numomy emuicmo. Ilpedcmaeneni
pe3yiomamu  niOmMeepoHCYIoms  eqPeKmuHicms  2I0POMEXaHiuHo2o nioxody 00 CuHmesy
@YHKYIOHANbHUX HaHOMamepianie 3 HNOMEHYIanioM O BUKOPUCMAHHA 6 JiMil-iOHHUX
AKYMYIAMOPAX.

Kiro4oBi cjioBa: HaHOCTPYKTYpH, HAHOMOSICH, OKCUJIM METaJliB, MEHTAOKCH BaHAJIO,
riApOMEXaHIYHUI METO/1, HEPIBHOBAXH1 CICTEMHU.

1. Beryn
Po3BUTOK TEXHOJIOTi 30€epiranHs Ta NepeTBOPEHHs €HEePTii 3HAYHOI0 MipOO 3aJIeXKUTH BiJl
IIPOrpecy y CTBOPEHHI HOBHX (DYHKIIIOHAJIBHHMX MaTepiajiiB 3 HAHOPO3MIPHOIO CTPYKTYpOIO.
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30kpeMa, HaIIBIPOBIAHUKOBI OKCHIM METaliB AaKTUBHO BHBYAIOTHCS SK OCHOBA JUIS
BUTOTOBJICHHSI €JICKTPOJIiB, CEHCOpPIB, (DOTOKATATI3aTOPIB 1 JPKEped >KUBJIECHHS HOBOTO
nokoutinHs [1-4]. Oco6nuBuii iHTEpEC BUKINKAIOTh HAHOCTPYKTYPOBaHi (POPMH TaKUX OKCHIIB
— 30KpeMa, HaHOIOACH, HAHOAPOTH, HAHOAMCKM — SKI, 3aBISIKM CBOill Mopdoiorii,
3a0€3MeuyIoTh MOKPAICHY 10HHY Ta eJIEKTPOHHY MPOBiAHICTD, MiABUIIEHY TUTOMY TOBEPXHIO
Ta MEXaHIYHY CTaOlJIbHICTb.

Cepen OKCHIIIB MEPEXiTHUX METaNIiB HAWOUIBII MEPCTIIEKTUBHUM MaTepiajioM JUIs KaTOMIB
y JITI-10HHUX aKyMYJISITOpax € nenraokcua BaHauito (V20s), 10 MoeIHye BUCOKY TEOPETUUHY
€MHICTh, 0araTOCTYyIIEHEBI OKHCHO-BiJIHOBHI MEPETBOPEHHS Ta JOCTYIHICTh BHXIJIHOI
cupoBuHU [5]. Bukopucranus HaHoctpiuok V20s nae 3Mory 3MeHIIUTH IUy3iiHHUNA omip 1
nokpamuTty  enektpoau. [Ipore macmTaboBaHicTh X BUPOOHHIITBA 3AJIMIIAETHCS OTHIEIO 3
OCHOBHMX NMpOo0JIEM NPAKTUYHOTO 3aCTOCYBaHHS.

Tpanuiiitai Metoau cuHTE3y, 30KpemMa TBepaodasHi ado TiApoTepMalibHi, TOTPEOYIOTh
BHCOKHMX TEMIIEpaTyp 1 THUCKIB, BHCOKOTEXHOJIOTIYHOTO OOJaJHAaHHS ab0 TPHUBAJIOr0 Yacy
00pobku [2, 4, 6]. Lle yckmamHioe MacmraOyBaHHS Ta KOHTPOJb IapaMeTpiB POCTY
HaHOCTPYKTYp. Y IbOMY KOHTEKCTI1 aIbTEPHATUBOIO € TIPOMEXaHIYHI METOAHM, 1110 0a3yThCs
Ha BUKOPUCTAHHI IHTEHCUBHOTO MEPEMIITyBaHHS B YMOBaX BIIKPHUTOI CHCTeMH. Taki Miaxoau
JI03BOJISIFOTH BIUIMBATH HA KIHETUKY KpUCTAJII3allil IUIIXOM BapitOBaHHs KOHIEHTpaLlii TOro 4u
IHIIIOTO KOMIIOHEHTY B CHCTEMI, IIBUIKOCTI 00epPTaHHsI, BOAHEBOTO mokasHuka (pH), B’s3kocTi
cepenoBuiia Toulo [7, 9].

OxpeMy poib y TOSCHEHHI MeXaHi3MIiB POCTY HAHOCTPYKTYp BiJIrparOTh CydacHi
TeopeTH4Hi Mojeni. ¥ poborax [6—8] mokazaHo, 1110 B yMOBaX HEPIBHOBAXXHOI'O CEPEOBHUILIA
peaizyloThCsl  aHI30TpOIHA HyKJealis, OamicTH4Hi CTpHOKM aToMiB Ta eQeKTH
AHTHUJO3PIBaHHS, 110 CIPUSIOTh YTBOPEHHIO BHUJIOBKEHHX CTPYKTYp 0e3 moTpedu y BUCOKIH
temneparypi. Lli migxomu ¢opMyroTh (Gi3MYHY OCHOBY JJisl PO3YMIHHS TIOBEIIHKH
HaHOCTPYKTYp y JMHAMIYHHMX PIIMHHUX CEPEIOBUIIAX.

PesynpTat mnomnepenHiX eKCIEpUMEHTAIbHUX JIOCHIIKEHb aBTOPIB  MIATBEPIUIH
e(EeKTUBHICTh MOEHAHHS MEXaHIYHOTO MepeMilIyBaHHs Ta XiMiuHOro KaTanizy 3 6oky NaCl
SK YUHHUKIB, 110 BU3HAYAIOTh MOpQoJorito cuHTe3oBaHux V20s HaHomnosciB [9, 10]. 3okpema,
OyJ0 BUSBJICHO 3aJIEKHICTh TPUBAIOCTI MepeKpucTaiizauii BiJ KOHLEHTpauii coii Ta
HIBUAKOCTI MTEpPEMIIIyBaHHS.

Mertoro 1i€l poOOTH € eKCIepUMEHTaJbHE JOCTIKEHHS TMPOLECY TiAPOMEXaHIdYHOTO
CHUHTE3y HAHOIMOACIB IEHTAOKCHAY BaHaJII0 Ta aHali3 BIUIMBY KJIIOYOBHUX MapaMeTpiB
(TemmepaTypa, KOHLIEHTpALlisl peareHTiB, IMIBHJKICTh IEpeMilllyBaHHS) Ha Mop(doiorioo i
€JIEKTPOXIMIUHI BIACTHUBOCTI OZIEpKaHUX CTPYKTYyp. PoboTa noeHye nonepeani pe3yabTaTu 3
HOBUMH CIIOCTEPEXKEHHSIMH, 30KpEeMa CKaHyI4oi eJeKTpoHHOoi Mikpockonii (SEM),
peHtreHiscbkoi audpakrometpii (XRD) ta nukmniyHoi BosnbTamnepomMetpii (CV), 1 po3muproe
PO3yMiHHS YMOB ()OpMYBaHHSI Ta yTBOPEHHS HAHOMATEpiaiB.

2. MeToaUKA eKCTIEPUMEHTY

CuHTe3 HaHOMOSACIB MeHTaokcuay BaHadilo (V20s) 37iliCHIOBaBCS B yMOBaxX BOJHOTO
CepeloBHIla 3 BUKOPUCTAHHSAM TIAPOMEXAHIYHOrO MeToay. SK BHUXIIHUN MaTepiai
3aCTOCOBYBaBCS KOMepLiiiHMNA mopomok V20s, po3Mipu YacTHHOK $IKOTO IEepPEeBa’KHO
3Haxonmiucs B Mexax 10-100 mxwm. Peakuiline cepenoBuiie ¢GopMyBaocs LIUISIXOM
pozuuHeHHs xyopuay Hatpito (NaCl) y 150 mu aucTuiboBaHOi BOAM 10 KOHIEHTpalid y
miamna3zoHi 0,5 — 4 MoJb/1.

[Ticna crabimizanii Temneparypu y mexax 25-30 °C 1o po3uMHy J0JaBajid BUXiTHUN
OKCHJI BaHa/l110, 3a0€31evyI0un NOCTiiHE NepeMilllyBaHHs 3a JJOIIOMOTOI0 MarHiTHOI MIIIaJKu
13 mocTiitHO mBUAKicTIO 00epTanHs (Bix 200 1o 800 06/XB 3aekHO Bia cepii mocmiai). Jmis
pyWHYBaHHST TIEPBHHHUX  arjoMepaTriB Ta TMIABUIIEHHA OJHOPIAHOCTI  CyCIeH3ii
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BUKOPUCTOBYBAJIM  YIIBTPa3BYKOBY 00poOky TpuBamictio 10 xBuiamH. Xing —peakuii
KOHTPOJIFOBAJIM IIIJISIXOM BUMIPIOBaHHS MOKa3HUKIB pH, B S3KOCTI Ta €NEKTPONPOBIHOCTI 32
JIOTTIOMOT'00 KOMOIHOBaHOTO BUMIPIOBAJILHOTO MPUCTPOIO. [Iporiec cuHTe3y TprUBaB BIIPOIAOBK
24-96 ronuH.

Jlnst mpuroTyBaHHS 3pasKiB 10 MopdosoriyHoro Ta (ha3oBOro aHaizy CyCHEH3iIo
NPOMHBAIIU JIUCTHIILOBAHOIO BOJIOKO 3 HACTYIHUM ICHTPU(YTYBaHHIM Ta (UIBTPYBaHHSIM.
Ocan BucymryBanu npu temmeparypi 40 °C Ha moBiTpi.

Jlns  pactpoBoi  enekTpoHHOI  Mikpockomii (SEM) mpuroryBaHHs — 3pa3kiB
3IMCHIOBANIOCS IUISIXOM HAHECEHHS CYCIEH31i Ha MeTalieBi BiAMONIpOBaHI MiIKJIATKA 3
BosbGpamy. [l 3amobiraHHs KpuCTajli3allii 3ajJuIIKOBOI COJII CYCICH3II0 IOIEepPEaHbO
po3bapmsimu y cmiBBigHOmeHHI 1:50. Jlns nocnimkeHHs (a3oBoro ckiagy warepiary
3aCTOCOBYBAJIM PEHTTCHIBChKY nudpakTomeTpiro (XRD), 3pa3ku m1s sskoi opMyBaiv MIJITXOM
HAHECEHHS PEUOBHHHM Ha CKIISTHY IKIAIKY.

OIiHKY eJNeKTPOXIMIYHMX  XapaKTEPUCTHK NPOBOIWIA  METOJOM  IHKJIIYHOI
BoJIbTamIiepoMeTpii. Po0odi eIeKTpoIu BUTOTOBIISUIM UIIXOM MPECYBAHHS CYMillli TIOPOIIKY
HaHOCTPIYOK V:0s. BunmpoOyBaHHS €JIEKTPOIIB MPOBOAMIU Y TPHENEKTPOIHINH Komipii 3
BukopucTtanHsaM Ag/AgCl sk eTaoHHOTO eNeKTpoaa

3. Pe3yjbTaTH Ta 00rOBOpPEHHS

Xia cuHTe3y HaHomnosciB V20s aHani3yBajaM 3a 3MIHOIO (Pi3MKO-XIMIUHUX BJIACTUBOCTEN
cycnensii, MOp(ONOTIYHUMH Ta  CTPYKTYpPHUMH  CIIOCTEPEXKECHHSMH, a  TaKOX
€JICKTPOXIMIYHUMH XapaKTePUCTUKAMH OJICP)KaHUX MaTepiajiB.

Ha Puc. 1-3 HaBenmeHo wacoBi 3ajexHOCTi 3MiHM pH, B’S3KOCTI Ta MOTY>KHOCTI,
CHOXHMBAHOT IBUTYHOM Milanku. CriocTepiraerbes KOpesiiis MiX 3MEHIIEHHAM KUCIIOTHOCTI
Ta 3pOCTaHHSAM B’S3KOCTI CEPEIOBUINA, IO CYIPOBOIKYETHCS 3MIHOIO KOJIBOPY CyCIeH3ii Bix
CBITJIO-KOpHYHEBOTO 10 OopmoBoro. Ili 3MiHM cBiguaTh mpo Iepedir mepexkpucTaiizamii
BUXITHOTO mopoiiky. [lapanensHe 3poctaHHs moTykHocTi obepranHsa (Puc. 3) Bkazye Ha
301IBIIEHHS OMOPY PYyXY, L0 MOXXE€ BUKOPHCTOBYBAaTHCH SIK ONOCEPEIKOBAHUN IHIMKATOP
3aBepIeHHs (Ga3u pocTy HAHOCTPIYOK.

Ha Puc. 4 nponemoncTtpoBano BuiuB KoHueHTpanii NaCl Ha MIBHIKICT YTBOPEHHS
HaHOCTPYKTYp. BcTaHOBIE€HO, 110 HaBITh HE3HAYHE BBEACHHS COJ1 ICTOTHO MPUILIBHIIIYE
peaxIiro, TOAIL 5K 3a i BIICYTHOCTI Mpolec Moxe TpuBaTH 10 6—8 MicsauiB. Konnenrparis NaCl
BUSIBWJIACS KJIIOYOBUM (DaKTOPOM, 1110 3aITyCKa€e MEXaHi13M NepeKpucTanti3aii.

JlogatkoBo OyJ10 TOCTIIKEHO Mporec po3unHeHHs V20s y 3aeXHOCTI BiJ IBUAKOCTI
nepeminryBanHs. Ha Puc. 5 moka3aHo 3MiHY €JeKTpONpOBIAHOCTI, SIKa 3pOCTa€ MPOMOPIIIHO
IHTEHCUBHOCTI 00€pTaHHs, XOYa YacTKa BHUXIJHOTO IOPOUIy y CYCHEH3ii 3aJUMIIaeThCs
He3MiHHOIO (~0,76 1/11), 0 CBIAYUTE PO OOMEXKEHY PO3UMHHICTh OKCHIy. BuMiproBaHHS
€JIEKTPOIPOBIIHOCTI cycreH3ii 31iicHIoBaocs konaykromerpom PC-800.
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Puc.1. 3Benenuii rpadik 4acoBoi 3MiHU BOJAHEBOTO MMOKa3HKUKa pH pO3YUHIB B 3aJIC)KHOCTI BiJ] IIBUIKOCTI
nepeminryBanns. [lentokcun Banaaito V205 (5 r.), mBuakicts nepeminryBanns (200 06/xs., 500 06/xB., 800
00/xB.), TeMHIepaTypa po34mHiB B nporueci nociimkeHas (25 °C), 2M pozunn NaCl.
Fig. 1. A summary graph of the time change of the hydrogen pH indicator of the solutions depending on the
speed of mixing. Vanadium pentoxide V20s (5 g), stirring speed (200 rpm, 500 rpm, 800 rpm), solution
temperature during the study (25 °C), 2M NaCl solution.
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Puc.2. 3Beaenwuii rpagik 4acoBoi 3MiHM BOAHEBOTO MOKa3HUKa pH pO34YMHIB B 3aJ1€KHOCTI BiJl
koHIeHTpaiiii B po3unni V205. Ilentokens Banaairo V205 (1 r., 5., 10 r.), mBuakicts nepemimysanss (500
00/XB.), TeMIIepaTypa po34mHiB B mporeci gociimkeHss (25 °C).

Fig. 2. Summary graph of the time change of the hydrogen indicator of pH solutions depending on the
concentration in the V205 solution. Vanadium pentoxide V205 (1 g, 5 g, 10 g), stirring speed (500 rpm),
solution temperature during the study (25 °C).
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Puc.3. 3Benenuii rpagik 4acoBoi 3MiHM BSI3KOCTI PO3UMHIB B 3aJI€KHOCTI BiJl KOHIIEHTpaLii B pO34YHHI
V20s. TTentokena Banaxito V205 (1 1., 5 1., 10 1.), mBuakicts nepeminryBauus (500 06/xB.), Temmeparypa
po3uuHiB B mporeci gocmimkerns (25 °C).
Fig. 3. A summary graph of the time change in the viscosity of solutions depending on the concentration in
the V205 solution. Vanadium pentoxide V205 (1 ¢, 5 g, 10 g), stirring speed (500 rpm), solution temperature
during the study (25 °C).
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Puc.4. 3Benennii rpadik 9acoBoi 3MiHI BOJHEBOTO MOKa3HUKA PH po34MHIB B 3aJIe)KHOCTI Bif
koHuenTpairii B po3unni NaCl. ITearokcuy Banazgito V205 (5 r.), mBuaKicTh nepeminrysanus (500
00/xB.), TeMIiepaTypa po3unHiB B mipotieci gocmimkerss (25 °C), pizHa konnentpariist NaCl (0M,0.5 M,
1M,2M,3M).

Fig. 4. A summary graph of the time change of the hydrogen indicator of the pH of the solutions
depending on the concentration in the NaCl solution. Vanadium pentoxide V20s (5 g), stirring speed
(500 rpm), temperature of solutions during the study (25 °C), different concentration of NaCl (OM, 0.5
M, 1M, 2M,3M).
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Puc.5. YacoBa 3MiHa eNEKTPOIPOBITHOCTI pO3UMHY Yy TpoIieci iHTeHCHBHOTO nepeminryBanHs (500 o6/xB) 1 1., 5
r., 10r. mopomky V205 npu Temneparypi cycnensii 25°C.

Fig. 5. Temporal change in electrical conductivity of the solution during intensive mixing (500 rpm) of 1 g, 5g,
10g of V205 powder at a suspension temperature of 25°C.

SEM-ananiz (Puc. 6—7) no3BoimB (QikcyBaTH eBoiomiro Mopdosorii. Buximnuit
MOPOUIOK MpeICTaBIeHUIl MACUBHUMHU arjloMepaTaMu 3 HerpaBuibHO0 dopmoto (Puc. 6), Toxi
K mmicns 72 roauH nepeminryBaHHs pu 500 06/XB yTBOPIOIOTHCS BHIOBXKEHI CTPIYKOIIONIOHI
HaHOCTPYKTYpPH JOBXHUHOIO 10 7 MKM, mupuHoo 200-300 HM Ta ToBIIMHOIO O1m3bK0 10-15
M (Puc. 7).

PentrenoctpykrypHuii anaini3 (Puc. 8) ninTBepauB mocTynoBy 3MiHy (a30BOro CTaHy.
Uepe3 24 TOAWHU CIIOCTEPIra€ThCs BUPAKECHUH MUPPAKUIHHUN TiK, XapaKTepHUU IS
optoroHasnibHoi (a3u V20s. Ilicns 48 roguH — MOMITHE 3HMXKEHHS IHTEHCHBHOCTI MIKY, 3
MOJAJIBIIIMM 3HUKHCHHSM KPUCTAIIYHUX CHUTHAJIB Ta JOMIHYBaHHSM IUQy3HOro (HOoHY, 110
CBIAYUTH PO MEPEXia J0 HAHOKPUCTAIYHOT 200 aMop(HOT cTpyKTypH (po3mip 4acTHHOK < 20

£ Sof o W \ N
Wegr 300KCK EHT= 600KV  Signal A=InLens Stage atT= 00° Mag= 1472KX EHT= 500kv  Signal A=InLens Stage atT= 00°
2um WD=53mm  Sample ID = V205 powder EsB Grid= 1600, | | 1um WD=53mm  Sample ID = V205 powder ESE Grid= 1500V,

Puc. 6. PEM 3HiIMKH BUXiTHOTO TIOPOIIKY IIEHTAOKCHIY BaHAIIO.
Fig. 6. SEM images of the original vanadium pentoxide powder.
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Puc. 7. 3HiMKku yTBOpeHHX HaHonosiciB V205 npu iHTEHCHBHOMY NepeMilllyBaHHI cycneHsii 3 yactoToro 500
00/xB nipu Temmnepatypi 25°C.
Fig. 7. Photographs of the formed V205 nanobelts during intensive stirring of the suspension at a frequency of
500 rpm at a temperature of 25°C.
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Puc. 8. Criextpu peHTreHiBebkoi qudpakromeTpii neperBopeHHs B HaHonosick V205 npy nepeMintyBaHHi
cycnensii 3 yacroroto 500 06/xB npu Temmnepatypi 25°C npotsrom: 4 ron, 24 rox, 48 rox, 72 ron, 96 rox.
Fig. 8. X-ray diffractometric spectra of transformation into V205 nanobelts with stirring of the suspension
with frequency of 500 rpm at 25°C for: 4 hours, 24 hours, 48 hours, 72 hours, 96 hours.

EnexTpoxiMiuHi BIIACTHBOCTI OIIIHIOBAJIM METOJOM IIMKJIIYHOI BOJBTaMIIEPOMETPIl
(CV) y po3unni 1M KCI npu mBuakocTti ckanyBaruas 50 mV/S y Mexax moTeHIianis Big —1,5
B mo +1,5 B. lnst mociimpkeHHs OyJIo BUTOTOBJICHO CEPIk0 €NEKTPO/IIB: 3 YUCTHM rpadiTom, i3
HaHECEHUM KOMEpUIMHUM Ta mojApiOHeHMM mopomkoM V20s, 3  CHHTE€30BaHUMHU
HaHOCTPIYKaMH, a TAKOX KOMIIO3UTHUH BapiaHT (TpadiT/HaHOCTPIUKH y criBBigHOIIEeHHI 1:1).
Ha Puc. 9 noka3zaHo, 1110 KOMIIO3UTHUN €JIEKTPO]I IPOJIEMOHCTPYBAB HANOIbIIy IHTEIpAIbHY
wionty CV-kpuBoi Ta HaWBUpA3HIIII OKHUCHO-BITHOBHI ITKH, IO CBIAYUTH PO MOKpAIICHY
MUTOMY €EMHICTb 1 €()eKTUBHICTh IEPEHOCY 3apsIy.
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Puc 9. Kpusi nuxitigaoi Boasrammnepometpii (CV) BUTOTOBICHHUX €JICKTPOIIB 3 HAHOTIOSCIB
V205(rpaditoBwmii enekrpon, koMmepiiitanii mopomok V205, moapiOHeHnit nopomok V205, HAHOMIOSCKH,
HaHomosicku 3 rpaditom (1:1))

Fig. 9. Cyclic voltammetry (CV) curves of manufactured electrodes from V205 nanobelts (graphite
electrode, commercial V205 powder, crushed V205 powder, nanobelts, nanobelts with graphite (1:1))

Takum 4MHOM, TIPOBENEH] TOCITIKEHHS MIATBEPIKYIOTh MOXKIIUBICTH KOHTPOJIHOBAHOTO
CHUHTE3Y HAaHOCTPYKTYp MEHTAOKCHIYy BaHaJlI0 IUIIXOM BapilOBaHHS OCHOBHMX IapaMeTpiB
nporecy. OTpuMaHi pe3yibTaTH MOXYTh OyTH KOPHUCHUMH IS TIOAAJIBIIOTO BAOCKOHAJICHHS
METO/IIB CUHTE3Y Ta PO3LIUPEHHS 3aCTOCYBAaHH OTPUMAaHUX HaHOMAaTepialiB.

4. BucHoBknu

Y poboTi NpoBeAEHO KOMIUJIEKCHE JOCIIKEHHS TMpOLECY CHUHTE3y HaHOCTPIUYOK
neHraokcuny BaHafito (V20s) B yMoBax TiJ[pOMEXaHIYHOro BIUIMBY. BcTaHOBiIeHO, 1O
IHTEHCUBHE nepeMinryBanHa B npucytHocTi NaCl sk karamizatopa 3a0e3nedye eQeKTUBHY
nepeKpHrcTati3alilo KOMEpLUiHHOro MOPOILIKY B OJHOBHUMIPHI HAHOCTPYKTYpHU 0e3 moTpedu y
BHUCOKOTEMIIEpaTypHiil TepMo0oOpoO1Ii.

3miHa pH, B’43KOCTI Ta MOTYKHOCTI IEPEMILIyBaHHS MOXE CIYTyBaTH HENpPSIMUM
IHMKAaTOPOM eTariB cUHTe3y. Mopdosoriunuil aHani3 MmiATBEpIUB YTBOPEHHS BUIOBXKEHUX
HaHOMNoACIB 13 po3MipamMu 10—15 HM y TOBHIMHY Ta 0 7 MKM y JOBXHHY. PeHTreHiBcbka
mudpakToMeTpis 3adikcyBajia 3MEHILIEHHS KpPUCTANIIYHOCTI NPOAYKTY Ta Hepexia 1o
HaHOKPHUCTAIIYHOTo a00 aMOp(HOTO CTaHy.

JlocaimkeHHsT eeKTPOXIMIYHUX XapaKTePUCTHUK CHHTE30BaHUX HAHOCTPYKTYP METOIOM
uKIiyHOI BosibTamnepometpii (CV) mokaszano, o KOMIO3UTHI €JIeKTPOIU, BUTOTOBJIEH] Ha
OCHOBI TpadiTy 3 J0AaBaHHIM CHHTE30BaHMX HAHOCTPIUOK V20s, IEMOHCTPYIOTH MiJBUIICHY
OUTOMY €MHICTh 1 CTaOiIbHICTh OKHUCHO-BITHOBHUX XapakTtepucTuk. Lle migTBepmxye
JOLIIbHICT, BUKOPUCTAHHS OJIEP)KaHUX HaHOMAaTepiaiB K KaTOJHUX KOMIIOHEHTIB Y JITiii-
10HHUX Oatapesx.

OTtpuMaHi pe3ysbTaTd MIATBEP/DKYIOTh €(PEeKTUBHICTH BUKOPUCTAHHS T1IPOMEXaHIYHOIO
METO/Y JJISl CHHTE3y HAHOCTPYKTYp NEHTAOKCH]Ly BaHA1I0 Ta BIIKPUBAIOTh HOB1 MOXJIMBOCTI
JUTSL TIOalibIoi ontumiszaiii nporecy. [logansimmii po3BUTOK METOAY Ta MOTO ajarTailis 10
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YMOB

MacimTabHOr0 BHUPOOHMIITBA MOXYTh CIHPHUATH CTBOPEHHIO BHCOKOE(PEKTHBHUX

TEXHOJIOTil CHHTE3y HaHOMAaTepialiB IS 3aCTOCYBAaHHS €JIEKTPOHIlli, CHCTEMaX HAKOIMMYCHHS
eHeprii, CCHCOPHUX MPUCTPOSIX Ta IHIIMX MEPCIIEKTUBHUX Taly3sX TEXHIKH.

IMoasiku

ABTOpH BHCIIOBIIOIOTH IIUPY BASYHICTH Npodecopy AHupito MuxaitnoBuuy ['ycaky Ta
SApocnaBy AmutpoBudy Kopomio 3a I[iHHY IOMOMOTY Yy TIOCTaHOBII 3arajibHOI 3ajadi,
3MICTOBHI JHUCKYCil Ta MIATPUMKY ITiJl 9ac IPOBEICHHS EKCIEPUMEHTATBHUX JTOCIIKEHb.
PoboTa BukoHaHa 3a MiATPUMKH MiHICTEpCTBA OCBITH 1 HAyKH YKpaiHu (HOMEp Aep>KaBHOI
peectpartii: 0121U113219).
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SPECIFIC FEATURES OF HYDROMECHANICAL SYNTHESIS OF
VANADIUM PENTAOXIDE NANOBELTS

This study offers a comprehensive analysis of the hydromechanical synthesis process for
one-dimensional vanadium pentoxide (V:0s) nanobelts. The research aims to develop a
scalable, ambient-condition methodology to produce nanostructured materials for advanced
energy storage applications. Aqueous suspensions containing commercial V:0s powder and
varying concentrations of sodium chloride (NaCl) were subjected to intensive magnetic stirring
without thermal post-processing. The experimental procedure involved monitoring the
evolution of physicochemical properties over time, enabling detailed insight into the
crystallization and growth behavior under turbulent liquid-phase conditions.

The evolution of the suspension’s chemical and physical properties was monitored using
measurements of pH, viscosity, and electrical conductivity. These indicators provided valuable
insight into the reaction kinetics and nucleation dynamics. pH decreased progressively during
the synthesis, signifying the acidification of the medium and possible hydrolysis reactions
involving vanadium species. Simultaneously, viscosity increased, indicating the formation of
extended molecular networks and colloidal intermediates. The observed changes in electrical
conductivity confirmed the dissolution of V:0s and the subsequent saturation of the solution.
These changes serve as indirect indicators of the progress of nanostructure formation.

Morphological transformation during the synthesis was documented through scanning
electron microscopy (SEM). The initial commercial V05 powder consisted of coarse particles
with irregular shapes and low aspect ratios. After 72 hours of hydromechanical treatment, the
formation of ribbon-like nanostructures was observed. These nanobelts displayed dimensions
ranging from 10-15 nm in thickness and several microns in length, with smooth surfaces and
apparent alignment. The observed anisotropic growth was likely governed by crystallization
along preferred lattice directions, influenced by flow patterns and ion-mediated surface
processes.

X-ray diffraction (XRD) analysis complemented the SEM observations. Initially, sharp
diffraction peaks corresponding to the orthorhombic structure of V:0s were present. With
increasing treatment time, a decline in peak intensity and broadening of diffraction features
were recorded. By the end of a 96-hour synthesis cycle, the crystalline signals had nearly
vanished, and the patterns suggested a transition to a predominantly amorphous or
nanocrystalline phase. These results underscore the mechanical disruption of long-range order
induced by constant shear and collision forces in the suspension.

Electrochemical performance of the synthesized nanostructures was assessed using cyclic
voltammetry (CV). Several electrode configurations were tested, including pristine graphite,
graphite with untreated commercial powder, and composites with V205 nanobelts at different
mass ratios. The composite electrode with a 1:1 mass ratio of graphite and nanobelts
demonstrated the most favorable electrochemical behavior. Well-defined redox peaks, high
reversibility, and increased charge-storage capacity were observed in comparison with
reference electrodes.

Further analysis of the CV profiles revealed rapid ion insertion/extraction kinetics,
enhanced by the high surface area and one-dimensional architecture of the nanobelts. These
structures facilitated efficient ion transport and minimized resistance. Additionally, the uniform
dispersion of nanostructures within the graphite matrix improved electronic connectivity and
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mechanical integrity. The findings highlight the synergy between nanostructured V.0s and
conductive matrices in optimizing electrochemical performance.

Beyond energy storage, the synthesized V.0s nanobelts exhibit promising characteristics
for applications in chemical sensing, electrocatalysis, and photonic devices. Their high surface-
to-volume ratio, redox activity, and structural flexibility make them suitable candidates for
multifunctional systems. The ability to tune the synthesis parameters — such as salt
concentration, stirring speed, and process duration-enables control over product morphology,
crystallinity, and functional behavior.

The use of NaCl as a catalytic additive is of particular interest. It accelerates the
breakdown of V:0s agglomerates and promotes nucleation. The presence of chloride ions may
alter the ionic strength and dielectric environment of the suspension, facilitating enhanced
diffusion and templated growth. These effects warrant further investigation, particularly
regarding ion-specific interactions and their implications for crystal engineering.

From a methodological perspective, the study showcases how mechanical forces—
traditionally overlooked in crystallization — can direct nanoscale material formation under mild
conditions. The interplay between turbulence, shear stress, and particle-solution interactions
contributes to a new paradigm in low-temperature nanomaterials synthesis. This paradigm
avoids complex autoclave systems or hazardous reagents, offering a sustainable alternative for
industry and research.

The experimental framework developed here may be adapted to other metal oxide systems.
For instance, analogous hydromechanical protocols could be applied to synthesize
nanostructured TiO:, ZnO, or Fe:0s. Moreover, the incorporation of dopants or functionalizing
agents into the suspension could further expand the utility of the process. The hydromechanical
route offers excellent compatibility with green chemistry principles, potentially reducing waste
and energy consumption.

The findings also open avenues for integrating such nanomaterials into hybrid energy
storage systems, such as supercapacitor—battery hybrids or solid-state cells. The scalability of
the method, combined with its reproducibility and material efficiency, enhances its appeal for
applied research and pre-industrial prototyping. Furthermore, the technique may be tailored
for batch or continuous-flow processing, enabling production at various scales.

In summary, this study delivers an extensive characterization of a low-temperature,
solution-based strategy for synthesizing V-Os nanobelts. It demonstrates the critical role of
hydrodynamic conditions and salt-mediated mechanisms in controlling the structure and
performance of nanomaterials. The synthesized nanobelts exhibit favorable physical and
electrochemical properties, confirming their suitability for energy-related technologies. The
approach represents a significant advancement in scalable nanomaterials fabrication and
paves the way for further studies in hydrodynamically controlled synthesis strategies.

Key words: nanostructures, nanobelts, metal oxides, vanadium pentoxide, hydrothermal
method, nonequilibrium systems.
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