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FIRST-PRINCIPLES STUDY OF PHASE TRANSITIONS
IN BORON CARBIDE UNDER PRESSURE

P.Yu. Korotaev, A.V. Yanilkin
FSUE VNIIA, Moscow, Russia

~ Boron carbide is super-hard and light-weighted material with a wide range of

=rent applications. Nevertheless. the question of its behavior under pressure is still open.
In the present work we study the stability of polar phase of boron carbide B4C under
sht pressure within density functional theory. At zero temperature in hydrostatic
oression the CBC chain bending is observed, but there is no phase transition in
sidered range of strain and pressure values. During uniaxial compression chain also

to bend. But in contrast to hydrostatic compression, at uniaxial strain value of 24%
@ corresponding uniaxial stress of 200 GPa the amorphization occurs, accompanied with
wtic reduce of uniaxial stress. The amorphization in confirmed by pair correlation
ion calculation. Several possible amorphous structures was studied. and we obtained
the most energy favorable is distorted Bi» icosahedra with CCC bended chains.

The molecular dynamic modeling also was performed an temperature value 500 K.
obtain that such a temperature lowers the critical values of uniaxial strain and stress to

2, and 160 GPa. correspondingly.

" MOJEKYJISIPHO-AMHAMHAYECKOE MOJAEJTUPOBAHUE CTPYKTYPHI SiO,

AJPOTEJISA [TIPH YIAPHO-BOJIHOBOM HATPYKEHUH

IL.A. Pybyos, O.P. IIpyyan, KA. Ten
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Adporeib — BBICOKOTIOPHCTBIH MaTepHal, TJIABHOH OCOOCHHOCTBKO KOTOPOTO
= 19eTCA HM3KAS IUIOTHOCTh M OOJBLIOE KOTHYECTBO MOP PasIMMHOTrO pasMepa. OcHoBOH

waTepHATa ABIACTCA IHOKCHI KPEMHHS C PasMCPOM OTACIBHBIN yacTul 3-4 HaHOMeTpa. M3
smx (JOPMHPYIOTCS PA3PEKEHHBIC KIACTEPhI C PA3MEPOM ACCATKH HanoMeTpoB. Kiactepst
- BOPMHDYIOT OTHOCHTEJIBHO

JKECTKHH KApKaC COCTAB/IIOIME MAaIyI0 IO oOBeMa
3pOoTeJI, TO €CTh MOYTH BECh €I0 00bEM MPUNOAUTCS HA TOpsI [1]. Bosbmas MOPUCTOCTD U

| s THYME HAHOPA3MEPHBIN CTPYKTYDP ACJAKT MATCPHAT MHTEPECHBIM U1 HCCACAOBAHHA
| § 3ADHO-BOJIHOBBIX CBOWCTB M INOCTPOCHHA MOZCTCH TMOBEAEHHS HAHOCTPYKTYD IIPH

THHAMHYCCKOM BO3ICHCTBHH.
CusxporporHoe miayuenue (CH) — 37I€KTPOMArHHTHOC HM3YCHHE, HCITyCKAacMOC

| SpOKCHHBIMH YaCTHIAMH TPH JBIOKCHMH MO WCKDHBJCHHBIM B MATHHTHOM TOJC
' mpackropusay. CH 1aeT YHHKATHHYIO BO3MOKHOCTb [UIS H3YUCHHS CTPYKTYPBI BCLICCTE,
| 43K B CTATHKE, TAK H B YCIOBHAN IHHAMHUYECKOTO BO3ICHCTBHA.

B paGoTe H3MEPEHO MAIOYTJIOBOC PEHITCHOBCKOC PACCCAHHC (MVYPP) o6pa3uos
23poresid Pa3THYHOM [UIOTHOCTH (0.08.0.14, 0.25 r/cM’), KaK B CTATHKE. TAaK H TPH yIapHO-
30JHOBOM  HATPY)KCHHH.  OKCIICPUMCHTBI ~ MPOBOJMIHCE B CHOMPCKOM  LIEHTPEC
CHHXPOTPOHHOTO M TEparcpuoBOro H3TYYCHHA C  HCMOIB30BAHHCM VCKOPHTE TbHOTO
sovmiekca BOIMI-3 MsA® CO PAH. [l reHepauuu B a3pOreic YAApHBIN  BOJH
#CT0JIB30BATHCH PA3TOHSACMBIC B3PBIBOM IVIOCKHE METALTHICCKUE Y 1aPHHKA [1].
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ITpoBeaeHO MOMEKYIAPHO-IHHAMHYECKOE MOJCTMPOBAHHE CTPYKTYPBI A3POTETsE
Ilpn 3TOM HCMOMB30BaNCA MAPHBLE MOTECHLHAA MOJCKYIAPHOTO B3aMMOICHCTBHA Mopie.
XapaKkTepHbIC ~ pasMepbl  pacyeTHOH  oOmactH  coctaBmsuim  200x200x200  mw
Copmuposannbiiit  o0paser MOABEPraics yIAPHO-BOTHOBOTO HATPY/KCHHIO —IyTes
ABIKCHHS. OZHOM M3 CTCHOK pacueTHOH obmactu. [Ipm 3TOM, HAOMOIATOCH paspyIlCHEE
CTPYKTYPBI, @ TPH OOTBLINX HHTCHCHBHOCTSN H CAMHX YaCTHI 3POTe/IA.

PaccumTanHbIi M0 MOICKYLIPHOMY aHCAMOMO MYPP KOTHYECTBEHHO COBIAACT &
JAHHBIMH CTaTHYECKMN HCCNIEIOBAHMH, YTO TOBOPHT O KOPPEKTHOCTH pa3pabOTAHHOE
moaem. Mozaeavposanne MYPP npu NMPOXOKICHHH YIAPHON BOIHBI IEMOHCTPHPYET
KaYEeCTBEHHOC COBMACHHUC C SKCIICPUMEHTAIBHBIMHU JAHHBIMH [1, 2].
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- Aerogel is highly porous material whose main features are ultimately law density ané
large amount of small-size pores. The typical sizes of separate particles are 3-4 nanometers.
The rarefied clusters formed from this particles which size are tens nanometers. The clustes
form the rigid frame which is a small part of aerogel volume. i.e. the almost all its volume.
(up to 98-99% and more) account for pores. Big porosity and nanodimensional structuss
makes this material intercsting to research shock-wave properties and to creation behavis
models at dynamic influence.

Synchrotron radiation (SR) is the electromagnetic radiation emitted when chargss
particles are accelerates radially (in magnetic field). SR gives the unique feature f
studying structure of substance, in statics or in the conditions of dynamic influence.

In the work was measured small-angle x-ray scattering (SAXS) on samples &
aerogel with the different densities (0.08. 0.14. 0.25 g/cm3). in static and shock-wave action
The experiments were made in the Siberian Synchrotron and Terahertz Radiation Center ¢
the accelerate complex VEPP-3 INP SB RAS. The accelerated by explosion metal striker &
used to generate shock-waves in aerogel [1]. i

Also we carried out molecular dynamics simulation of structure of aecrogel. We
the Morse pair potential of molecular interaction; a typical size of the computation area &
200x200x200 nanometers. The created sample was exposed to shock-wave action by e
movement one of walls of the computation area. The destruction of structure was observa
more over the particles were destructed too at high intensity of shock-wave.
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[ETHDOBAHHE CTPYKTYPHI a3pors
VIAPHOTO B3aMMOAEHCTBHS Ma
coctaBmamu  200x200x200
“BOJTHOBOTO  HATPYIKCHHIO T
H 3TOM, HaGmOIATOCH paspyms ences
aCTHII a3pOres.

MVYPP KOMHYECTBEHHO COBMATaes
I O KOPPEKTHOCTH pa3paboTas
I VIApHOH BOJIHBI JACMOHCTp T
menm [1, 2], p

The calculated on molecular ensemble SAXS quantity coincides with the data of the
experiments. It’s shows correctness of the developed model. The calculated when
k-wave passing SAXS is quality coincidence to the experimental data [1].

Synchrotron diagnostics of shock-wave compression of aerogel. L.A. Merzhievsky, L.A.
Lukianchikov, E.R. Pruuel, K.A. Ten, V.M. Titov, B.P. Tolochko, O.V. Evdokov, I.L. Zhogin,
M A. Sheromov. Nuclear Instruments and Methods in Physics Research A 575 (2007) 121--125.
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HHTepec K HCCICTIOBAHHKO TEPMOIMHAMMYECKUX CBOMCTB BOAOPOAA M HHCPTHBIX
0B TP BBICOKHX JABJICHUAX H TEMIIEPATypax CBA3AH C MX HIMPOKHM PaCHPOCTPAHCHHEM

N OF STRUCTURE § BDHPOZIC, MPUMEHECHHEM B PA3THYHBIX BBICOKO3HCPrETHYECKHX yCTPOMCTBAX, A TAKKC C

'AVE ACTION THBHO BCAYLUMMCS HCCICIOBAHHEM IIPOLUECCOB B  HEAPAX IUIAHCT-THIAHTOB U
SCOJIHCYHBIX» ILIAHCT. YPABHCHHS COCTOSHHMA BOJOPOJA M MHEPTHBIX Ta30B B
L Ten soverabapHOM H  MerabapHOM JHANa30HE JABJACHHH 3KCICPHMEHTAIBHO H3Y4aloCh

:CKOJMBKAMH  METOJAMH. TCOPETHYECKOC ONMHCAHHE TEPMOJAMHAMUYECKHX CBOMCTB
RAS, Novosibirsk, Russia : 0pOJA M MHEPTHBIX ra30B B MErabapHOM JMANA30HE JABICHMI. IAE BBICOKAs IIOTHOCTH
fosibirsk, Russia SEWECTBA  COMPOBOKIACTCA ~ CHIBHBIM  KyJOHOBCKHM — B3AHMOJCHCTBHEM  (CHJIBHO
s 1CANbHAS TIA3Ma) ObLIO MPEIIOKEHO KAaK B PAMKAX KBA3HXHMHYECKOrO IMPEACTABICHHA
D1eTh CBOOOTHOM JHEPTHH), TAK M "MEPBONMPHLUMHBIMU" METOAAMHU, HCIOJb3YHOILHMH
paMOC UMCICHHOEC MOJCIHPOBAHME CHCTCMBI sIEpP H J1eKkTpoHOB. HecmoTps Ha
SIOINUECS KAK JKCIICPUMCHTATBHBIC, TAK H TCOPETHYECKHE DE3Y/IbTaThbl, JaJbHEHILICE
TWHCHHE CBOMCTB IUTOTHBIX Ta30B B 3TOH 00JACTH MapaMETPOB HMEET OOMbLIOE 3HAYCHHUE.
4ACTHOCTH B HACTOAIICE BPEMs HEIOCTATOYHO JAHHBIX O BO3ZMOKHOCTH (Da30BBIX
JEDSXOOB TPH  BBICOKHX CTENCHAX CKATHA. VMIMEKIIMECs K HACTOAIEMY BPEMEHH
SCTIEPUMEHTATBHBIE JAHHBIC MO KATOPHYCCKOMY M TCPMHYECKOMY YPABHEHHIO COCTOSHUA
=DCKPBIBAIOT JIMANA30H JABICHHH C KHI00ap A0 JECATKOB Meradap H ILIOTHOCTEH B TPH
gE33 NPEBBINARNMX ILIOTHOCTh ATOMHHMA. B nocieanee Bpema ObLTH IOTYYCHBL H
TEODETHUCCKME  PE3YJIbTAThl, KAaK B PAMKAX  XHMMYCCKOH  MOJENH, Tak H
SEPBONMPOHHLMITHBIME METOJAMH B INHPOKOM IHAMAa30HE NapaMeTPoOB.
' B nmanHOM paboTe MPEACTAaBICHBI PE3Y/IBTATHI BBIUHMCICHMIl YIAPHBIX amnabaT M
@O3HTPON UM PA3IMYHBIX HAYATBHBIX IUIOTHOCTEH BOJOPOJA H HHEPTHBIX Ta30B.
o3y ITAaThl OBLTH TMOIYYCHBI MPH MOMOIIM KOJOB, PEATH3YIOMHX YCOBEPLUICHCTBOBAHHLIE
woemu cemerictea SAHA.
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