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3a METOJIOM TaJbBaHIYHOTO 3aMillleHHs 10HIB cpibia OiMeTaneBUMU HAHOYACTUHKAMU CKJIALy
NisgC0sy cuuTe30BaHo TpumeTasieBi HaHocucreMu (Ni—Co)/Ag, CTPYKTypy SKUX IATBEPIKEHO
METOZaMU CKaHiBHOI enekTpoHHOi Mikpockomii (SEM), X-mpomeneBoro ananisy (XRD) Tta
eHeproauctepciitnoi X-npomeneBoi cnekrpockorii (EDS). 3’scoBaHo, 110 B TOCHIKyBaHHX yMOBax
MOXHa OTpHMaTé ABO(a3HI MarHirocemnapaOenbHI TPUMETalIeBi HAHOCTPYKTYPH, B SKHX Cpi0io
KpHUCTaNi3yeThCst y BHUINIAAL (pakrama bapHcmi, “yepemox” skoro “BuUpocTae” 3 ariioMepariB
HaHOYACTUHOK NisoCOsg.
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1. Beryn

HenepepBHHMiA piCT Ta PO3BUTOK HAHOTEXHOJIOTIH CTaIM MPUYMHOIO MOSBA HOBHX Ta
IHHOBAIIIMHUX MYyJIbTUMETATIEBUX HAHOCTPYKTYP 3 YITKO BHM3HA4YE€HOIO MOpP(OJIOTiero Ta
MaJIiM PO3MIpOM YaCTHHOK, a TaK0XK BEIMKOIO IUIOIIEIO TOBEPXHi, SIKI B CyMi IOKPAIIyIOTh
MIEPEHECEHHsI eNIEKTPOHIB MK atoMaMu MeTaily. ChOro/iHi aKTUBHO BUBYAIOTH O€HAHHS
JIBOX, TPbOX 1 OlNbllle METAIEBHX EIEMEHTIB Y HAaHOCTPYKTypax THIY SIIPO—OO0O0JIOHKA, a
TaKOX Yy BHIVISII CIUIABiB, iHTepMeTatiniB Ta iHmmx ¢opm [1]. CuHepriyHe NoeIHAHHS
KIUTBKOX METaliB y Oi-, TPUMETalIeBUX HAHOCTPYKTYpax Jla€ 3MOTI'Y OTPUMYBATH MaTepiajiu 3
VHIKQJIbHUMH (DI3UKO-XIMIYHMMH BIIACTUBOCTSIMHU Ta TMOKPAIEHUMH EKCILTyaTalliiHUuMU
XapaKTepUCTHKaMH, IO JOIOMAara€ 3HaYHO PO3LIMPUTH Traly3i IXHBOTO 3aCTOCYBaHHS, a
PO3BHTOK BiJIHOCHO HOBOTO HampsiMy XiMii — HaHOXIMIl Ta yCHiXW Cy4acHOi iHXeHepil B
rairy3i TOYHOTO TIPHIANOOyIyBaHHS JafOTh MOJJIMBICTE TPOBOJIUTH JOCITIDKEHHS 1
MO/IETIFOBaHHS HAHOCHCTEM Ha aTOMapHOMY piBHi.

OmHuM 3 HalmpoCTIMMX Ta IIHPOKO 3aCTOCOBYBAaHHMX CIIOCOOIB OTpPUMAaHHS
OiMeTareBUX HAaHOYACTHHOK € CIUIBHE BiJHOBIICHHS IPEKYpCOPiB MeTalliB, a00 Tak 3BaHi
ONHOCTANIAHI crmocoOu cuHTEe3y [2]. 3a TakuMH Croco0aMH OTPHMYIOTh OiMeTalieBi
Hanouactaku Ag/Pt [3], Aw/Ag [4], Cu/Ag [2], Ni/Ag [5] i T. nI., npu4oMy HalOiIbII
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IMOBIPHIM y TaKMX BHIAIKaX € YTBOPEHHS HAHOYACTHHOK CTATHCTUYHOI CTPYKTYpH,
OpyTTO-BIIACTHBOCTI SKUX € CYIMEPIIO3UIIIE€I0 BIACTHBOCTEH OKpPEMHX eNeMeHTiB. s
OTpUMaHHS OiMeTalleBUX HAHOYACTHHOK 3 BHU3HAUCHUMH CTPYKTYpOIO Ta TEOMETPi€l0
BUKOPHUCTOBYIOTh JIBOCTA/Iii{HI METOIMKN CHHTE3Y, BIAMOBITHO A0 SIKMUX Ha MEpLUIOMY eTarli
CHHTE3YIOTh HaHOYACTHMHKM OJIHOTO EJIEMEHTa, IICJs 4YOro J0 OTPUMAHOro KOJIOIAHOTO
PO3YHHY TOCIIIOBHO JOJAI0OTh PO3UHMH MPEKYpPCOpY IHIIOrO MeTainy Ta BiaHOBHUK [6]. e
ONHUM I[IKABUM 1 TEPCIEKTUBHUM JBOCTAMIMHAM CHOCOOOM OTpUMaHHSA 0i- 1
TPUMETAIIEBUX HAHOCTPYKTYp € LEeMEHTalis, a00 KOHTAaKTHE BIJHOBJCHHS 1OHIB
“IMacMBHOTO” MeTally Ha IOBEpPXHI OULIbII akTUBHOTO Metany [7]. 3a TakuM MeETOIOM
OTpHMaHo, Harpukian, OimeraneBi crpyktypu Cu/Al [8], B sikux Miab ocalpKyBanacs y
BUIJISLJII HAHOAPOTHHOK, HAHOCTPYKTYpH THIy “supo—oboionka” [9, 10] Tomo. Orxe,
MOJKHA 3pOOHMTH BHCHOBOK, III0 3alliKaBJCHICTh HAYKOBLIB O PO3POOKH HOBHX CIIOCOOIB
OTPUMAaHHS MOJTIMETAIEBUX MaTepiajiiB MOCTIHHO 3pOCTaE.

OnHi€0 3 MIMPOKO JOCIIDKEHHX Tally3eld 3aCTOCYBaHHS HAHOYACTUHOK METAJIB €
TeTepOreHHUH KaTalli3 Pi3HOMaHITHUX XIMIYHHX IPOIECIB, 30KpeMa OKHUCHEHHS OpraHiy-
HUX CyOCTpaTiB eKOJOTIYHO Oe3rnedHuMH okucHUKaMu — H,O, a00 MOJIEKYISIpHUM KUCHEM.
Bimomo, 110 oqHuM 3 Haife()eKTHBHIIIMX KaTalli3aTOpiB TaKUX IPOIECIB € HAHOPO3MIpHE
3oimoto (AuNPs) [11, 12], ograk wepe3 HOro BHCOKY BapTICTh MPOBOAWUTHCS AKTHBHHNA
MOITYK HAHOKATaTi3aTOPiB HAa OCHOBI iHIIHMX, 3 EKOHOMIYHOI TOUKU 30py OLTBII BUTITHUX
MeTaniB. 30kpemMa, y mpami [13] Ha mpukiagi peakiiii OKICHEHHS KyMEHY MOJEKYIIPHUM
KHCHEM TIPOBEACHO TIOPIBHSUIBHUM aHaimi3 KaramiTHyHoi akTtuBHOCTi AuNPs i
HaHOYaCTHHOK cpibma (AgNPs) 1 mokazaHO, IO CENEKTHBHICTh peaklii 3a
TiIPONEPOKCHOM KyMeHy B TpucyrHocti AgNPs cranoBute 80 %. Takox Oys
3alpornoHOBaHNi MexaHi3M KaramitiuHoi aii AgNPs, o Brirouae GopMyBaHHS aJTyKTy
TUITY “TIEPOKCHIIBHUHN pajiuKan — HaHoyacTHHKa” [14], sxuil Moxke OpaTu y4yacTh y peaxiiii
MIPOJIOBXKEHHSI JIAHITIOTA.

Nickel mesocrystal

Silver nano plati

Puc. 1. TEM-300paxenHs 6iMeTaneBux HaHOCTPYKTYp Ni—Ag, OTpUMaHuX
3a ciiBBigHOUIeHHs Ni/Ag = 5/1 [16]. PucyHnox naBeneno 3 nossouy “IEEE”
(srien3ist Ne 5703721435850)
Fig. 1. TEM-image of Ni-Ag bimetallic nanostructures obtained at the ratio of Ni/Ag = 5/1 [16].
Reproduced with permission (License No. 5703721435850)
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OpHi€l0 3 BWKIMBUX TEXHOJOTIYHMX MPOOJIEM HAHOKATATITHIHHX TMPOIECIB €
BIJTYYEHHS Karalli3aropa 3 peakIliifHOl CyMimli 3 METOI0 HOTO IMOJANbINoi pereHeparii Ta
BUKOpHCTaHHA. TOMY JOCIiIKYIOTh MOIJIMBOCTI iIMMOOiTi3aIlii HaHOKaTaIizaTopa SK Ha
MOBEPXHI  MakpocyOcTpariB, Tak 1 Ha TMOBEPXHI (EPOMArHITHUX  MIKpo- i
HAHOYACTHHOK [15], OTpHMYyIOUYM NONIKOMIOHEHTHI HaHOMATepialu, B SKUX IIOE€JHAHO
XapaKTEepUCTUKU KOXKHOI 3 (a3. Y momepeanidt mpari [16] 3a MeTonoM rajabBaHi4HOTO
3aMilIeHHs Oyllo CHHTEe30BaHO OiMeraneBi HaHOCTPYKTypH Ni/Ag i 3’sICOBaHO, 1110 3aJI€KHO
BiJ cmiBBigHOIIEHHsS Ni/Ag y BUXIiJHIM peakiiiHii CyMillli MOXJIMBHUM € OTPUMAHHS SIK
HAHOCTPWXKHIB CpiOJia 3 BKIIIOUYEHHSMH HIKEJO, TaK 1 HAHOIUIACTHHOK Cpi0iia TOBLIMHOIO
~10 um (puc. 1). Ha npuknani peakiii iHIIIHOBAHOTO OKUCHEHHS KyMEHY MOJICKYJISIPHUM
KHCHEM OYyIlO0 MOKa3aHO BHCOKY KaTalIiTUYHY aKTHBHICTh HaHOCTPYKTYp Ni/Ag, mpudomy
HIKeNb Yy TaKiif cucremi Bifirpae poib (pepoMarHiTHOrO HOCIS JJIsl KaTaliTHYHO aKTHBHOTO
Marepiany — cpibna [17]. OTke, CHHTE3 Ta JIOCHIPKEHHST HAHOCTPYKTYP Ha OCHOBI cpibia
Ta €JIEeMEeHTIB-(EepOMAarHeTHKIiB € TEPCHeKTUBHUM 3 TOYKH 30pYy PO3POOKHM HOBHX
MarHitocenapadenbHUX KaTaJiITHYHUX CHCTEM.

Bapro 3azHaunTH, 10 HIKENb BOJIOJIE HAWHMWKYMM 3HAYCHHSIM IHTOMOI
HaMarHi4yBaHOCTI cepell ycix MeraliB-pepoMarHeTukiB [18], a ToMy ajsi IiJBUINEHHS
e(eKTUBHOCTI BiJUIIIGHHsI Karaji3aropa BiJl PEaKI[iHOI CyMilll MEepPCHeKTUBHUMHU €
JocnipkenHs: TpuMeTaneBux HanocucreM (Ni-M)/Ag, ne M = Fe, Co. BianosigHo, meta

miei mpami — CHHTE3YBaTH Ta JOCHIOUTH CTPYKTYPY TPHUMETAIEBOI HAHOCHUCTEMHU
(Ni-Co)Ag.

2. Marepiaju Ta MeTOIMKA eKCIIEPUMEHTY

Jnst  cuHTe3y MeTaleBUX HAHOYACTHHOK BHKOPHCTOBYBATH: aleTaT HiKeJo
Ni(CH;COO),x4H,0 (“x. w.”, “Cdepa Cim”, Vkpaina, > 99,8 %); amerar kobanbTy
Co(CH3C0O0),%x4H,0 (Aldrich, > 98.0 %), mitpat cpibna AgNO3 (“x. 4.”, “Cdepa Cim”,
Vkpaina, > 99,0 %).

Jist BIAHOBIIEHHS! 10HIB METAJIB Y TPOLIEC CHHTE3y HAHOYACTHHOK BUKOPUCTOBYBAJIH
rigpasus rigpatr NoHxH,O (“x. 4.”, “Cdepa Cim”, Ykpaina, = 99 %). Perynsropom pH
CepeIOBHINA il Yac CHHTE3y HAHOYACTHHOK CITYTyBaB HATPil TiapOKCHI (CTaHIAPT—THUTD,
“XapkiBpeaximM”). Sk  pO3UMHHMK TIiJi Yac CHHTe3y HaHo4yacTHHOK NisgCOsg
BuKopucroByBaym etwiteHrikonb (“Cdepa Cim”, Yipaina, > 99 %), sikuil neperassum 3a
arMoc(epHoro THCKy. sl TPOBEACHHS JOCHTIDKEHb BHKOPHUCTOBYBAJIH (pakifiio 3
TeMmepatyporo neperoHku 197 °C, nDyg = 1,431(1).

bimeraneBi naHowacTHKM Ni—Co CHUHTe3yBaluM 3a METOAMKOIO, OIUCAHOK Y
npai [19]. dns cunte3y TpuMeTaieBux HaHOCTPYKTYp (Ni—Co)Ag BUOpaHO HAHOYACTHHKU
ckiany NigsgCOsp, OCKIIBKM BOHM XapaKTEPU3YIOThCS HAWMEHIIMM pO3MIpOM  Ta
TOJIIUCTIEPCHICTIO (PUC. 2), a TAKOXK 33/I0BUTLHOIO CTIMKICTIO 10 OKUCHEHHSI aTMOC(hEepHUM
KHCHEM I1iJ1 yac 30epiranHs B 3Bu4aitHux ymonax [20].
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Puc. 2. CEM-306paxeHHs (a) Ta X-ipoMeHeBa audpakrorpama (6) HaHO9acTHHOK NisoCOsp.
BintBopeno 3 [19] 3rigno 3 ymoBamu minensii Creative Commons CC BY 4.0
Fig. 2. SEM-image (a) and XRD-pattern (b) of NisoCos, nanoparticles.
Reproduced from [19] under the terms of the Creative Commons CC BY 4.0 license

(Ni—-Co)Ag cuHTE3yBaIM B TEPMOCTATOBAHOMY PEaKTOPi, 0OJNATHAHOMY MarHiTHOIO
mimankoro mpu 20 °C. HaBaxkky HanouacTuHOK NisgCOso (0,15 1) mucneprysanu y
45 MJ1 BOIW 3 BUKOPHCTaHHSM YJIbTPa3BYKOBOI BaHHH (IIOTYKHICTh Y 3-BHITPOMiHIOBaHHS —
70 Bt; wactota — 40 I'11) Bipomosyk 10 XB, Miciist 4OTO 0 YTBOPEHOI CyCIeH3ii 1ojaBain
5Mn po3umny AgNO; BH3HA4YEHOI KOHIIEHTpamii 1 BHUTPUMYBAIM 32 MOCTIHHOTO
nepeminryBanas (500 00/XB) BIPOJOBXK TOAWHU. BHUSABICHO, MO OTPUMAHHMHA MPOIYKT
KimpkicHO (BuXim 95 %) BimmingeTscs BiI peakmiHOI CyMImIi 3 BHKOPHUCTAHHSIM
HEOJMMOBOTO MarHiTy. OTpUMaHi 0caay MPOMHBAIN HAIUTHITKOM IHCTHIIHOBAHOI BOAM 1
BUCYIIIyBaJIN B €KCHKATOPi IIPH MOHIKEHOMY THCKY 32 KIMHATHOI TEMIepaTypH.

®opMy Ta po3Mip HAHOYACTHHOK METANIB OIIHIOBAJIHN 3 BUKOPUCTAHHSAM CKaHIBHOTO
enekTpoHHoro  Mikpockona (SEM) EVO-40XVP (Carl Zeiss) i3 cucremoro
eneproaucnepciitnoro  X-mpomeneBoro Mikpoanamizy INCA Energy 350. Poswmip
HaHOYACTHHOK OI[IHIOBAJIM 3 BUKOPUCTAaHHAM nporpamu AxioVision V 4.8.2.0.

CtpykTypy i $a3oBuid CKJIaJ OTPUMAHUX HAHOYACTHHOK METAJiB IOCIIKYBaH 3
BUKOPHUCTaHHSIM METOAY TIOpOIIKOBOi Judpakmii X-MpOMEHIB 3 BUKOPHUCTaHHSIM
X-TIpOMEHEBOTO MTOPOIIKOBOTO mdpaxkTomeTpa Aeris—Malvern Panalytical
(Cu—K, BumpomintoBanus, nanpyra 40 kB, ctpym 15 MA, mouarkoBuit Kyt 25° (26),
kinneBud kyr 100°, kpok 0,0217). OtpumaHni [aHi aHami3yBalud MOBHONMPOQLILHUM
YTOYHEHHSIM 3a MeToZoM PiTBenpaa 3 BUKOpUCTaHHSIM mporpamHoro mnakera WinCSD [21].

3. Pe3yabTaTH 10CTiAKeHb Ta X 00roBopeHHst

Ak i y Bumaaky OiMeraneBux HaHOCTpYKTYp Ni—Ag, mnst cuntedy (Ni—C0)Ag
BUOpaHO METO/I TrajIbBaHIYHOTO 3aMillleHHs cpibna GiMeTaneBumu HanodyacTuHkamu Ni/Co.
Bubip kobambTy SK JOJaTKOBOTO KOMIIOHEHTAa 3YMOBJICHUH THM, IO, Ha BIAMIHY BiJ
3amiza, Ni i Co HeOOMEXEHO PO3UMHSIOTHCSI OJMH B OJHOMY 1 YTBOPIOIOTH HETIEPEepBHUM
psan TBepaux po3umHiB [22]. BimnosigHo, cuHTe3 OimeraneBux HaHodyacTHHOK Ni—Co €
O1JTBII TIPOTHO30BAaHMM, a MarHiTHI BJIaCTHBOCTI CIIaBY HIKENO Ta KOOAIBTY 3MIHIOIOTHCS
MoHOTOHHO (puc. 3) [18].
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Puc. 3. BanexxHicTh mUTOMOT HaMarHiuyBaHocTi (o) mpu 20 °C craBiB Hikeo i KOOATBTY
3aJIeXHO Bin BMicTy Hikemo. ['padik moOynoBaHo 3a JaHNMY, HaBeneHUMU y [18]
Fig. 3. Dependence of the specific magnetization (cs) at 20 °C of nickel-cobalt alloys
depending on the nickel. The graph was plotted according to the data given in [18]

3 BukopuctanHaM SEM BUSBIICHO, 1110 3a BUXiTHOT KOHIEHTpaIii AgNO3 B po3unHi
0,01 momw/m cpibo kpucTamizyeTbes y BHILN (paktama bapHcmi, “dyepemok” skoro
“BHupocrae” 3 arnomepariB HaHO9acTHHOK NisoCOs (puc. 4).

Puc. 4. CEM-306paxenns (Ni-Co)Ag, orpumanux 3a BuxigHoi koHnenTtparii AgNO3 0,01 moms/n
Fig. 4. SEM-images of (Ni-Co)Ag obtained at the initial concentration of AgNO3 0.01 mol/L

3Bakaroun Ha Te, M0 CepenmHill miamerp HaHOYACTHHOK NisgCOsg HE 3MIHIOETHCH,
MOXKHAa TIPUITYCTHTH, MIO pIicT (pakTana BiIOYBae€TbCI Yy pe3yibTaTi PO3YMHEHHS
HaHo4yacTHHOK NisgCOsp, sIKi Oe3rocepeqHbO HE KOHTAKTYIOTh i3 POCTYyYHMM (ppakTanom
3aBIIKH MIEPEHOCY CIIEKTPOHIB y ariomeparax (puc. 5).
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Ni**(Co™)

E’=0,799B

Ni*(Co’) - 26 = Ni*(Co™)
E°(Ni) = 0,257 B, E°(Co) = 0,277 B

Puc. 5. ImoBipHa cxema yTBopeHHs HaHOCTpyKTYyp (Ni—-C0)Ag
Fig. 5. Probable scheme of the formation of (Ni-Co)Ag nanostructures

3 BUKOPHCTaHHSIM EHEProAxCIIepciiiHOl X-TIPOMEHEBOi CIEKTPOCKOIIi 3’sSICOBaHO,
IO elNeMeHTHHH ckiaf (nuB. Tadbmumto) orpuManux (Ni—Co)Ag 3a10BUIEHO Y3TODKYETHCS
3 TEOPETUYHO PO3PaXOBaHUM 3a PiBHSHHAM peakuii (1).

M° + 2Ag" = M** + 2A¢°, (1)
TyT M = Ni, Co.

EnementHuit cknan (Ni-Co)Ag, oTpuMaHuX 3a pisHUX BUXiTHUX KOoHIeHTpauii AgNO3
Element composition of (Ni-Co)Ag obtained at different initial concentrations of AQNO3
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Puc. 6. X-npomenera au¢ppakrorpama (Ni-Co)Ag, oTpuMaHux

3a BuxinHoi koHUeHTpaIii AgNO3 0,01 Monb/n
Fig. 6. XRD pattern of (Ni-Co)Ag obtained at the initial concentration of AGNO; 0.01 mol/L
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Ha mudpaxrorpami (Ni-Co)Ag, orpumanux 3a BuXigHOI KoHIeHTpamii AgNOj
0,01 mounb/n (puc. 6), HasBHI JHIIE MIKK, XapaKTEPHI JUI METAJICBOTO Cpibia Ta TBEPAOTro
po3unHy Hikemo i kobaneTy (¢asa o-(Co, Ni), npocropoBa rpyna Fm-3m), i Hemae
HEiIeHTU(IKOBAaHMX ITIKiB, SIKI MOTJIM O CBITYUTH MPO YTBOPEHHS HELUILOBUX HPOIYKTiB-
momimok. Takox 3a 30inpimeHHs BuxigHOi KoHIeHTpamii AgNO; mo 0,02 moms/m,
OJTHOYAcHO 3 (hopMyBaHHSAM (PaKTAIBHUX CTPYKTYP, NPOCTEKYETHCS YTBOPEHHS BEIHKOT
KIJIBKOCTI arjioMepartiB cpidiia HenpaBmibHOT opmu (puc. 7).

Puc. 7. CEM-300paxenns (Ni-Co)Ag, orpumanux 3a BuxigHoi koHIeHTpauii AgNO3 0,02 mons/n
Fig. 7. SEM-images of (Ni-Co)Ag obtained at the initial concentration of AgNO3 0.02 mol/L

Take sBHIe MOXXHA TOSCHUTH IEPEKPUBAHHIM Ta ariiOMEpamicro “TeTroCTKiB”
OKPEMHX POCTy4nX (hpakTaiiB depe3 BUCOKHIA BMICT cpibia (puc. 7) B peakuiifHii cymilii.
JomatkoBo, B OTpUMAaHOMY MPOIYKTI BHUSBICHO 3HAYHY KiJBKICTh KHCHIO (IHB. TaOIHIIO)
Ta JIEMI0 3aBWIIEHY, MOPIBHIHO 3 TEOPETHYHO PO3PaxXOBAHOI0, KIIBKICTH Cpibia, mio
CBITYHTH PO OKUCHEHHsI OiMETANEBUX HAHOYACTUHOK NisgCO0sp.

4. BuCHOBKH

3  Merow  ampoOarfii  HOBHUX  CIIOCOOIB  OTpHUMAaHHS MOJIIMETAJIEBUX
MarHiTocenapabelbHUX KaTaTiTHYHUX CHCTEM, 32 METOJOM TalbBaHIYHOTO 3aMiIleHHS
ioHIB cpibma OiMeraneBumu HaHOYAaCTUHKAMU NisgCOsp, CHHTE30BaHO TPHMETAICBI
Ha"HocTpykTypu (Ni—Co)Ag. 3 BukopuctanHsM SEM mokaszaHo, IO 3a JOCIHIIKyBaHUX
YMOB cpi0iio KpHucTaNi3yeThest y BUIIISAAL GpakTana baprcni, “aepemok” skoro “Bupocrae”
3 armomepaTiB HaHOYacTHHOK NisgC0sg. 3 Bukopucranasm EDS ta XRD 3’sicoBaHo, 110 3a
crniBigHomeHHst M/Ag (M = Ni+Co) y BuxiaHiii peakuiliHiii cymimi, sika nopiBHIoe 5/1,
OTpUMAaHi HAHOCTPYKTYpH HE MICTATh HEHUIBOBUX MPOIYKTIB-IOMIIIOK, BOJHOYAC
30UIbIIEHHS BMICTY cpibiia 10 M/Ag = 2/1 mpu3BOIUTh IO YTBOPEHHS arioMepariB cpidia
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SYNTHESIS OF TRIMETALLIC (Ni-Co)Ag NANOSTRUCTURES
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®”Lviv Polytechnic” National University,
Bandery Str., 12, 79013 Lviv, Ukraine

Currently, the combination of two, three, and more metal elements in core-shell nanostructures,
as well as in the form of alloys, intermetallics, and other forms, is being actively studied. The
synergistic combination of several metals in such nanostructures makes it possible to obtain the
materials with unique physico-chemical properties, which allows to significantly expand the fields of
their application, and the development of modern engineering in the field of precision instrumentation
allows to conduct the research and modeling of the nanosystems at the atomic level.

One of the widely researched fields of an application of metal nanoparticles is heterogeneous
catalysis of various chemical processes. At the same time, one of the important technological
problems of nanocatalytic processes is the extraction of the catalyst from the reaction mixture for its
further regeneration and use. Therefore, the possibilities of nanocatalyst immobilization both on the
surface of macrosubstrates and on the surface of ferromagnetic micro- and nanoparticles are being
investigated for the obtaining of multicomponent nanomaterials in which the characteristics of each
phase are combined. Previously, Ni/Ag bimetallic nanostructures were synthesized by the method of
galvanic replacement and their high catalytic activity in the reaction of oxidation of cumene with
molecular oxygen was shown. Therefore, in this work trimetallic (Ni-Co)Ag nanostructures were
synthesized using the method of galvanic replacement of silver ions with NisqCosy bimetallic
nanoparticles. Using the scanning electron microscopy it was shown that under the studied conditions
silver is crystallized in the form of the Barnsley fractal, the “petiole” of which “grows” from the
agglomerates of NisoCosy nanoparticles. With the use of EDS and XRD, it was established that at a
ratio of M/Ag (M = Ni+Co) in the initial reaction mixture equal to 5/1, the obtained nanostructures do
not contain non-target products-impurities, while the silver content is increased to M/Ag = 2/1 and
leads to the formation of silver agglomerates of irregular shape and partial oxidation of NisoCos
bimetallic nanoparticles. The probable scheme of the formation of Ni/Co/Ag is proposed.

Keywords: synthesis of nanostructures, nickel, cobalt, silver.
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