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Abstract

An approach ini ic and atomistic has been applied to predict surface
segregation in binary metal A-B nanoparticles (Cu-Ni and Au-Co ones). The thermodynamic simulation method based on
the Butler equation was additionally justified and extended to stationary non-equilibrium states using the energetic variant
of non-equilibrium thermodynamics. The results of ther ic and atomistic sil ions agree with each other pre-
dicting segregation of Cu atoms to the surface of Cu-Ni icles and the surface of Au in binary Au-Co
nanoparticles. A hypothesis is put forward on correlation between stability/instability of A (core)/B (shell) nanostructures
and the surface ion of one of the of binary A-B parti In with this
hypothesis, the core-shell structure A (core)/B (shell) will be stable if the B 10 the
surface of binary A-B nanoparticles. At the same time, a trend to the surface segregation of this component should result
in the instability of the B (core)/A (shell) structures. The hypothesis in question agrees with our molecular dynamics results
and with available data on of Co (core)/Au (shell) and Au (core)MCo (shell) nanostructures.

Keywords Surface ion - Cu-Ni + Au-Co
simulation - Molecular dynamics simulation

« Core-shell structure - Thermodynamic
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A Jas  socnp 1eHHS SBICHHY IGHpaTeIbHO  KOPPO3HH  GHHAPHBIX
MeTATTINeCKHX HAHOUACTHI (Ha TWpHMepe CHCTeMB Au—Ag) paspaGoTaHBl IBe
a P nporpaxnel. [Tporpayma 1 mocIe]oBaTeIbHO yaTseT H3

MOBEPXHOCTHOTO €108 aTOMBI 3aTaHHOTO COPTa. HanGolee YIaTeHHEIe OT IeOMETPHYSCKOTo
HeHTPa 4aCTHUB (MBI MOIETHPOBATH HaCTHLEL coctosmme 3 1500 aromoe Aw u 1500
atoMoB Ag . JIpyras MozeTh (MporpaMMa 2) OCHOBHIBAETCH HA MOHCKe H YIATeHHH aTOMOB C
HAHMCHBINIMH 3HAYCHHAMH >HeprHH CBM3H. Kak H C1e10BaTo OKHIATh. H30HpaTeThHAL
KOPpO3HA NPHBOIHT K TOMY. WTO MOBEPXHOCTHEII C10f WaCTHIE OGOramaercs aroMamu
OIHOTO 3 KOMIOHEHTOB (B HamleM cTyuae aroMami Au ). OJHAKO CepalleBHHA UACTHIIE
COXp CTPYKTYPY PHOTO HAHOCM1aBa. HaMH Takke YCTaHOBTEHO. UTO B pe3yIbTare
mbuparensHolt  kopposun  Qopmupyercs  dedeKTHas  CTPYKTYpa  HaHOYACTHIIEL
COOTBeTCTBEHHO. MBI MpeINoJaraeM. YTO HMEHHO JTH IJepeKTe (NpeHMYIIeCTBeHHO
BAaKAHCHH) NPHBOIST K MOPHCTON CIPYKType Golee KPYNHBIX GHHAPHBIX HAHOWACTHI
Au— Ag B IKCTIEPHMEHTAX 10 HX H30HpaTeTbHOI KOPPO3HH.

K clo8a: oup HAR KOPP , MENOO MOIEKVAAPHOI OUHAMUKY, GuHapHvie
MEMATLIUYECKIUE HAHONACIIIDI, CePecalis, Oeghexnivi, CIPYKIY Pl AOPO-060104Ka.
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HIGHLIGHTS GRAPHICAL ABSTRACT

« The cooling rate significantly affects the
structure of nanoalloy TIGAMV after
freezing.

« The magnitude of the cooling rate de-
termines the associated processes of
structure formation.

«Phase transformations in nanoalloy
TibAI4Y differ from those of the corre-
spanding bulk phase.

«The amorphization temperature of
Ti6AI4Y with a diameter of 4 nm was
determined.

« The amorphization temperature range
weakly depends on the nanoparticle’s
cooling rate.
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—The size f melting 7, and ion 7, of Co

Abstract

and also those of the heat (:mhnlny) of melting AH,,, and crystallization AH, are studicd using a complex
approach to atomistic simulation combining the use of the molccular dynamic ‘and Monte Carlo methods. It
is established that 7, and 7, decrease lincarly with increasing inverse particle radius. The phase transition
heats AH,, and AH, "also decrease during the transition from the bulk phase to nanoparticles, but it seems this
effect is non-scalable,
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Size dependence of the melting temperature and mechanisms
of the coalescence/sintering on the nanoscale
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Abstract. We have proposed to use the nanoparticle (NP) mcllmg u:mpcnlurc T to dlstmgmsh

between the coalescence and sintering p on the g to our mol
dynamncs xv;uhs. obtained on Au NPs, the coals of may bc asa
onthe le, and the ch isti time 7 is a lincar

function of xhe itial particle radius r,. In turn, the sintering of two crystallmc NPs(T <T,)
relates to a grain boundary formation as a result of an alignment of the crystallographic
orientations of the sintering NPs, and in this case a dependence of T on 1y, has not been revealed.

ISSN 1025-3355, Doklady Physics, 2019, Vol. 64, No. 12, pp. 453455, © Pieiades Publishing. Lnd.. 2019.
Russian Text © The Author(s), 2019, published in Doklady Akademii Nouk, 2019, Vol. 489, No. 4.

TECHNICAL

PHYSICS

Mechanisms of Coalescence of Metallic Nanodroplets
and Sintering of Metallic Nanoparticles

V. M. Samsonov**, L. V. Talyzin***, S. A. Vasilyeve»***_
and Corresponding Member of the RAS M. 1. Alymov*ss+s
Received August 15, 2019

Abstract—The ities and i of of Au and sintering of solid Au

i are i i using i i and some models. It is

lished that the ch isti nme of tis to the mdms ro of the ongmal nano-

droplets. Both the i i i of the between T

and r, agree with Frenkel” smcory(l‘)%) ycuhns theory was for ibing the of mac-
roscopic droplets.
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[MoBEepPXHOCTHbIE ABNEHUS B METa/I/IMYECKUX HAHOYACTML,AX MU HAHOCUCTEMAX: TEOPUA N KOMMNbIOTEPHbIM
KCNepuMeHT

UccnepoBaHme cTabUAbHOCTU METANIIMYECKUX HAHOKNACTEPOB N METAINIMYECKUX FeTEPOCTPYKTYP Ha TBEPAbIX
MOBEPXHOCTAX: aTOMUCTUYECKOE N TEPMOANHAMUYECKOE MOAE/IMPOBaHUE

Pa3paboTKa MeTasBpUCTUYECKMX METOA0B KnaccupumKaLumm U npeackasaHnUa aTOMUCTUUYECKOM CTPYKTYPbI
MeTa/I/IMYECKNX HaHOYaCTUL, U BUMETaNNINYECKMX HAHOCN1aBOB

MoneKkynapHo-AMHaMUYECKoe NCCea0BaHNE TEPMUYECKON CTabUIbHOCTN METAN/IMYECKON HAHOMPOBOJIOKU U
HaHOCMCTEM Ha OCHOBE KBAa3MOAHOMEPHbIX 06 bEKTOB

BanaHue o6bemHon andpdPy3nm n nOBEPXHOCTHOM cerperaunm Ha CTPYKTYPHYIO CTabUAbHOCTb BUMeTaNnINYecKux
HAHOMPOBOJ/IOK U HAHOM/IEHOK

O6wmnit 06vem npusnevyeHHoro puHaHcuposaHua B 2019 roay: 8,1 maH. pyb.
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NABOPATOPUA MONOAbIX YHEHDbIX
"®OUINKO-XUMUYECKHUE OCHOBbl HAHOTEXHO/1OTUKN™

MccnepoBaHue npoueccoB Nanmku Ha HaHO- U
MUKPOYPOBHE

NccnepoBaHuA Tonorpadmm noBepxHoOCTU
MaTepmanos

AccneposaHuA PaCTeEKaHNA MeTa/1J10B HA
reTeporeHHbIX NOBEPXHOCTAX




UMHHOBALIUA

"Pa3paboTKa MeTasBPMUCTUHECKMX METOA0B KaaccuPpuKaumm m
npeacka3aHMsa aTOMUCTUYECKOM CTPYKTYPbl MeTanIMyecKmnx
HaHOYaCTUL, U BUMEeTaNIMYECKNX HAHOCMN/1aBOB

: "[TpOrHo3npoBaHMe CBOUCTB MOHO-, BU- 1

NABOPATOPUA "dU3SUKO- TepPHapPHbIX HAHOCN/1aBOB
XUMHUYHECKUE OCHOBDI
HAHOTEXHO/10TNUKN"

"TepmocTabunbHble POTOBOIbLTANYECKNE
NoO/IMMEpPHbIE HAHOKOMMNO3UTbI ANA
CO/IHEeYHbIX baTapen

"[ToBEPXHOCTHbIE IBAEHUA B METaNINYECKMX HAaHOYACTMLLAX U
HaHOCUCTEMAX: TEOPUA U KOMMbIOTEPHbINA IKCMEPUMEHT




