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AnHoTauus. [Ipy n3ydeHnn KpUCTAJUIN3AIUK CYPhMBI U3 paciijlaBa B HEPABHOBECHBIX yCIIOBHAX
oOHapyxeH 3(p(eKT CTOHTaHHOH KPUCTAJUTH3ALNH paciiiaBa ¢ 00pa3oBaHUEM C(PEenpOUIaIbHBIX HE
CBSI3aHHBIX JPYT C JPYroM TpaHyl CypbMbI B mHTepBaie pasmepoB 0.1—0.001 cm, obmanarommx
AEKTPOCTATHYECKUMH CBOHCTBAMHU. MeTojaMi peHTIeHO(pa30BOro aHaIu3a U PAMaHOBCKOM CITeK-
TPOCKOIIMH YCTaHOBIICHA OTPENEIIONasi poib roppUPOBAHHBIX 3aPSDKCHHBIX CIIOEB CYPBMBI IPH
(hopMUpOBaHUH TTOBEPXHOCTU TpaHyid. lIpeanoxeHa Momenb AUCKPETHON KPUCTAIUIM3AINH, IS
KOTOPOH XapaKTEepPHO OTCYTCTBHE (POHTA KPUCTAJUIM3AIUHN U CIOHTAHHOE 00pa30BaHUE CAMOIIO-

JOOHO CBSI3aHHBIX TI0 pa3MepaM TPpaHyI.

KiaroueBrble ciioBa: CypbMa, KJIaCTep, rpanyiia, Kpuctauin3anus, JMCKPETHOCTb, CAMOOpPTaHU3alus,

rnnep6ona, ABTOBOJIHA, 3apAald, JICKTPOCTATHKA.

BBEJTEHUE

OneMeHTapHas cypbMa TPaAULUOHHO HCIIOJb3Y-
eTcs B OTYITPOBOAHUKOBOW TEXHUKE U METAJLTYPIHH
KaK JICTUPYFOIMI KOMIIOHEHT, TaK U KOMIIOHEHT, 00-
pasyromui Kiacc MoJyInpPOBOTHIUKOBBIX COEIMHE-
uuit — antumonnnoB A"'BY u A"BY u TBepabIx pac-
TBOPOB Ha UxX ocHOBe. C pa3BUTHEM HAHOTEXHOJIOTHIA
BO3POC HHTEPEC K CypbMe, KaK K MaTepuairy co clou-
CTOH TOQPUPOBAHHON CTPYKTYPOH U OCOOCHHOCTSIMH
AJIEKTPOHHOTO M KPHUCTAJUTHYECKOTO cTpoeHus. [1o
CYIIECTBYIOIICH rumoTe3e 1000 CIONCTHIN MaTepu-
a MoXxeT popMHPOBaThH (PyIIIEPEeHOTIOA00bIE CTPYK-
TYpBI, TTOJITBEPKJCHUEM YEro CITy)KaT, MOTydeHHbIS
B pabote [ 1| MeTomoMm J1azepHoi abisituu (ysuiepeHo-
o/I00HBIC KJIaCTePhl U KIIACTEPHBIC HOHBI Pocdopa.

Oco0eHHOCTH KPUCTAJUTMYECKOTO CTPOEHHS Cyph-
MBI OBLTH OOHAPYKEHBI U JIJIs IEPEXOAHBIX MTPOIECCOB
MIpH TUTaBJICHUH M KpucTaum3anun. Eme A. Yo6emo-
JIe OTMeYall HaJINYue B CypbMe HEIKBUBAJIEHTHBIX
CBSI3€H aTOMOB, YTO SIBUJIOCH OCHOBAHUEM ISl TIPH-
YHCJICHUS] MaTepuaa K sy MoJyMeTaJuIoB ¢ TepMO-
IrHamMI4deckoi Toukn 3penns [2]. [Tontasuessm FO. I
YCTaHOBJICHO, YTO B PAcCIlIaBe CYypPbMBI MTPOUCXOIHT
pa3pylieHre KOBaJIEHTHBIX MEXKaTOMHBIX CBS3e
B CII0SIX KpHucTajundecko pemeTku [3]. Teopernye-
CKH ITOKa3aHO, YTO CEJIEKTUBHOCTh XUMHUYECKOM CBSI3H,
MpUCyIIast CypbMe, IPUBOIUT K (POPMUPOBAHUIO Me-
TacTaOMIBHBIX (a3 [4].

B nammx pabotax ObIT0 TOKa3aHO, YTO MPH TUIAB-
JICHUH B PA3IMYHBIX KHHETHYECKUX PEKUMAX peaju-
3YIOTCS Pa3JIMIHbIC CIICHAPHUH TIEPEXOTHBIX MPOIIECCOB
MpeANIaBIeHUss U MOCTIJIABIECHUS, OTpaKarolue
MPOLECCHl CTPYKTYPUPOBAHUS B HEPABHOBECHBIX
Y KBa3UCTaTUYECKUX yciaoBUAX. OHAKO BOTIPOC BIIH-
SIHUSI TOHKOM CTPYKTYpPbhl XUMUYECKOW CBSA3U MPHU
KPUCTAIITH3AINH U3 PACIUIaBa B Pa3IMYHBIX KHHETH-
YECKUX PEKUMAX MAJIO U3YUECH.

B nacroseit pabote paccMoTpeHa BO3MOKHOCTh
caMOOpTaHU3allu CYypbMbI M3 paciiaBa ¢ o0pa3oBa-
HUeM (a3 ¢ HOBBIMU (DYHKIIMOHAILHBIMU CBOMCTBAMH

IKCHHEPUMEHTAJIBHASA YACTb

HepaBHOBeCHast KprcTalTU3aIMs paciiaBa Cypb-
MBI [IPOBO/IHIIACH B 9BAKYHUPOBaHHBIX 10 107 MM pT. CT.
KBapleBbIX cocynax CrenaHoBa. B skcriepumenTe uc-
MOJIb30BaNACh CypbMa BbICOKOM uncToThl Mapku Cy000.
ITpu pe3KkoM OXJIaKIE€HUU B PE3UCTUBHOM €YU ITPOUC-
XOAMJIa CaMOIMPOU3BOJIbHAS TPAHYIALMS pacruiaBa
¢ 00pa30BaHMEM KOHIJIOMEpAara HECBSI3aHHBIX MEXKIY
coboii rpanyn cypeMsbl. [Iponecc kpucrammm3anun
koHTponupoBaiics MmerogoM I TA. TTornydyennsie Tepmo-
rpaMMBbl IPUHLIMITHAIEHO OTIIMYAIOTCS OT PABHOBECHBIX
[5, 6]. IIpeaxpucramiu3amus XapaKTepU3yeTcst CUCTE-
MO MEJIKOMACIITaOHBIX CKAYKOOOPA3HBIX IK30TEPMH-
YECKUX HUMIIYJIBCOB, a MPOLECC KPUCTAIUIM3AlUN Ha-
JIM4HeM BOTHOOOPA3HOM SK30TEPMHKH C JIBYMsI [TUKAMU.
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[Ipu ¢pakioHUpOBaHNK KOHIJIOMEpaTa IpaHyil,
00HApPYKEHO, YTO BCE IPaHYJIbl UMEIOT OJIMHAKOBYIO
cthepounansuyto popMy, pazmMmep TpaHydl JICKHUT B UH-

tepBasie 0.1—0.001 cMm. Pacnpenenenue rpanys mno
pa3MepaM HerayccoBo, UMeeT THnepOoInIecKuil xa-

pakrep (puc. 1).

Puc. 1. Pacipenenenue rpanyn CypbMbl, TOTy49eHHON CIIOHTaHHOW KpHCTaIH3anuel, mo pasmepam. Ha BcTaBke pac-
npejieNieHre Tpanyi B uaTepsae pasmepos ot 0.05 1o 0.1 cM («); BHemHuU By rpanyit cypbMbl: x50, 20 kB (6)

Hawnbonbiiee 4nciio rpanyin HIMEIOT pa3Mephl Me-
Hee 0.02 cm. Tako#t BuJ paclpenesieHus: XxapakTepeH
JUIS CIIOKHBIX CAMOOPIaHU30BaHHBIX CHCTEM H CBUJIC-
TEJILCTBYET O HEKJIACCHYECKOM TMOBEICHUH pacIliaBa
TIPU KPUCTAILTA3AINH B H3yYaeMBIX yCIOBUAX [7].

[ ananmmza MOPQOIOTHH OBEPXHOCTH TPaHyIl
HCIIOJIb30BAJIaCh ONTUYECKAs] U CKAHUPYIOIIAsl dJIEK-
tponHast mukpockornusi (COM Hitachi S-3200N).
C 1enpio yBeNnn4eHns: Y4eTKOCTH N300payKeHHs Ha HC-
CIIeMyeMBIi 00pa3eI] HabLISIICS CIOU 30710Ta TOJIIITH-
HO#i 2 HM (puc. 2).

Puc. 2. Mopdonorus mosepxHocts (a) u ckona (6) rpanyist cypbMbl, ¢ppakiust 0.03 cm: x200 (a), x120 (6), 20 kB

Ha mukpockonmieckoM ypoBHE 0OHapyKeHO,
9TO IS TIOBEPXHOCTHU TPAHYJ XapaKTepHO HATMINE
TIOp, @ TAKIKE JIOKAJIBHBIX 00JIacTel IepOXOBaTOCTH,
pu 3ToM Mopdosorus o0bema rpanyisl, HabIoaa-
eMasi Ha CKOJIe, COOTBETCTBYET KPUCTAIITUIECKOMY
Marepuaiy.

B pesynbrare peHTIeHOBCKOTO (ha30BOT0 aHaIM3a
HOJIyYEHHBIX TPAHY] CYpbMbI ObLIO 3a()UKCHPOBAHO
H3MEHEHHEe MapaMeTPOB KPHCTAJUTHUECKON PEIIeTKH
MaTepuaa o CpaBHEHUIO C HCXOIHOMN reKCaroHaIbHOM
(azoii (Tadu. 1). DTO CBsI3aHO CO CTPYKTYPHBIMH OCO-
OEHHOCTSIMH MTOBEPXHOCTHOTO CJIOSI TPaHYJIbl CyPbMBI.
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Taoanna 1. [TapaMeTpbl KPUCTAIUINYECKUX PEIIETOK HCXOAHOM U MONTy4YEeHHOH B pe3ynbTaTe KpUCTaIIU3alun
n3 pacriasa ¢as cypbmsl ((pakiust 0.03 cMm, pentrenoBckuit mudpaxromerp Empyrean B. V. PANalytical)

HapaMeT? Kpretaime- Sb kpucT. Sb 0.03 cm A
CKO# pereTKu
a, A 4.3062 4.3068 0.0006
b, A 4.3062 4.3068 0.0006
c, A 11.2699 11.273 0.0031
V, A3 180.9803 181.092 0.1117

He cmoTps Ha He3HauuTeNbHOE U3MEHEHHE Tapa-
METPOB KPUCTAITMUYECKOM PEIIETKU, B CIIEKTPaxX KOM-
OMHAIIMOHHOTO PAacCesiHUsl HaOIonaeTes ayoneT 3Ha-
YUTEJIIbHOM MHTEHCMBHOCTH B JHMalla30HE 3HAYECHUI
pamanoBckoro casura 1400—1600 cm !, He cooTBert-
CTBYIOITHH UCXOIHOM TekcaroHaIbHOM MOAH(pHUKAIINH,
HMMEIOIIMHI 3HAYUTENIbHYI0 UHTEHCUBHOCTb, CPABHUMYIO

C OCHOBHBIMHU TiuKam# (puc. 3). CXOmHBIA XapakTep
M3MEHEHHsI CIIEKTPOB KOMOMHAIIMOHHOTO pacCesHUsI
(KP) — mosiBnenue nybnera HaOmonaeTcst IpH JIeTu-
POBaHUM CYpBMOI HAHOCTPYKTYp ZnO U TOHKHUX IJIEHOK
CuSbS, B paborax [8, 9]. DTO MOKET CBH/IETENLCTBOBATH
00 ompeeTITIoNIeH posTi TOGPUPOBAHHBIX CIIOEB CyPh-
MBI IIpU (POPMHUPOBAHUH TIOBEPXHOCTH TPAHYJL.
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=
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=
z
E 500,00 - Sb kpwcT.
=
0,00 . L ; .
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Yactota, cml

Puc. 3. Cniexrp koMOMHanmoHHOTO paccesiHus Sb Gppaxumu 0.2 MM u kpucranindecko. JliiHa BOIHBI BO30YXKJaI0IEro
uznyuenus: 532 um, momHocts 0.2 MBT (pamanoBckuii ciekrpomerp Senterra Bruker)

Coueranne 0OHapYKEHHBIX 0COOEHHOCTEH CTPYK-
TYpHBI ¥ OPMBI TPaHyJI CypbMbI 00BSICHSIET BOZHUKHO-
BEHUE BU3yaJIbHO HAOIIOIAEMBIX AEKTPOCTATHYCCKIX
CBOMCTB.

IIpy nBuXEHUH TpaHyNbl OTTAIKUBAKTCA APYT
OT JIpyTa Ha PacCTOSHHUE, 3HAYUTEIHLHO MPEBHIIAL0-
mee COOCTBEHHBIN pa3Mmep TpaHyi. B mmacTukoBom
KOHTEHHepe HaOogaeT s NPUIUIIaHUE TPaHyI K eTo
creHkaM. IIpu oueHke 3apsja eIMHUYHON IpaHyJIbl

Sb ¢ momMouIEI0 KOHAEHCATOPHOTO METoJa OOHApY-
JKEHO HaJlM4He 3apsifa ¢ MOBEPXHOCTHOW IJIOTHO-
cThio opsiaka 107° Ki/mMmm? B mpubnmxenuu chepu-
yeckoi (opmbl. [Ipu orneHke 3apsijia HECKOJIBKUX
rpaHyl, HaXOoJsIIUXCS B KOHTaKTe JIPYT C JIPYTOM,
HOPANIOK IJIOTHOCTHU 3apsiia He MEHSJICS, OIHAKO,
00HapyKEHO B3aUMHOE BJIMSIHHE I'PaHYJ, MPOSBIIs-
foLIrecs Kak (QIyKTyaluny BeJIMYUHBI 3aps/a ¢ Tede-
HUEM BPEMCHHU.
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HaGmogaembie snexTpocrarndeckue 3¢ ¢GeKTo
B TpaHyJIax CypbMbI PEITOII0KUTEITBHO 00y CIIOBICHBI
(hopMupoBaHTEM 3apsHKEHHBIX TOBEPXHOCTHBIX CIIOEB,
IIPH ATOM ceprudecKasi MOBEPXHOCTh CTAOMIH3UPY-
€TCsl I30BITOYHBIM 3apsIIOM, KOTOPBII XapaKTepeH st
CJIOUCTBIX ToppupoBaHHBIX Marepuaiio. [lo cymme
HaOII0aeMBIX 3apsIIOBBIX CBOWCTB B IpaHyJIUpPOBaH-
HOW CyphbM€ MOYKHO yTBEPXKIaTh, YTO 3apsiJi Ha TO-
BEPXHOCTH I'PaHyJ CypPbMBI TOABMKHBIA. DTa TUIIOTE-
3a TOATBEPKIAETCS MaCC-CIEKTPOMETPHIECKUMU
U3MEpPEeHUAMU U Mozenbio bynrakosa A. B. monBux-
HOTO 3aps/ia MEJIKHX KJIaCTePOB AIEMEHTOB V TPYIIIbI
Ha npumepe docdopa [10].

OBCY/XKXJAEHUE PE3YJIBTATOB
N BbIBO/JbI

B pesynwrare kpucTammsanuy paciiiaBa CypbMbl
B HEPABHOBECHBIX YCIOBUSX (POPMUPYETCsI KOHITIOME-
par caMOOpPraHMU30BaHHBIX AJIEKTPOCTATUYECKH 3apsi-
JKCHHBIX cpepouIaibHbBIX rpanyil. [losBieHre Takoro
a¢dekra cBA3aHO ¢ 0COOCHHOCTAMU HYKIICAIIUH 3JIe-
MEHTapHBIX KJIACTEPOB CYPbMBI B YCIOBHUAX PE3KOTO
OXJIAXKICHUSI.

Ha srane npeaxpucrammsannu npoucxoaut (op-
MHPOBaHUE MEPBUYHBIX 3aPSIKEHHBIX KIACTEPOB,
U IPU JOCTUKEHUU KPUTUYECKOM KOHIEHTpaLUu
KJIACTEPOB HAYMHACTCSI MAacCOBasi KPUCTAJLTU3AIMS,
OJIHAKO KYJIOHOBCKOE OTTAJIKMBAHHUE 3apSIKEHHBIX
KJIACTEPOB MPEMNATCTBYET PA3BUTHIO KPUCTAIUTA3AIINN
o Kjaccudeckomy creHapuro. [long geiicTBuem
ANIEKTPOCTATUYECKUX TOJIEH KIacTepoB B paciuiaBe
BO3HHUKACT TCPMOJAUHAMHNYCCKAs HCYCTOIZHHBOCTB,
KOTOpasi pa3BUBACTCS KaK aBTOKOJIeOATEIHbHBIN OMMO-
TMaapHBINA Tiporiece [11], orpaHYeHHbBIN BO BpEMEHH
YCIIOBUSIMH OTTBITA U OCOOCHHOCTSIMH TIPOIECca KpH-
CTAJTM3AIMH KaK TaKoBOT0. Takum 00pazom, paciuiaB
CYPbMBI B CUJIIBHO HEPABHOBECHBIX YCIOBUSIX MOXKHO
paccMmarpuBarh Kak CIOKHYI0 CAMOOPTaHHU3YOIIYIOCS
cuctemy [12, 13], ynpaBisiemMy0 BHYTPEHHUMH
ANIEKTPOCTATHIECKIMH B3aNMOIEHCTBHSIMH, TIPOIIECC

KPUCTAITU3AINH TIPEICTaBIAeT cOO0N HOBBIN THII
JIMCKPETHOM KPUCTAJUIU3AIUH, 1151 KOTOPOU XapaKTep-
HO OTCYTCTBHE (PPOHTA KPUCTAILTU3AIUH U CIIOHTAH-
HOe 00pa3oBaHME CaMOINOJOOHO CBS3aHHBIX IO pa3-
MepaM IpaHyIl.
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Abstract. With advances in the nanotechnologies there increased an interest to antimony as a mate-
rial with layered corrugated structure and certain features of the electron and crystal structure.
Present work is concerned with the possibility of antimony self-organization while its release from
the alloy along with the formation of the phases with the new functional properties. In non-equilib-
rium conditions under a high-speed cooling in the resistive furnace the effect of spontaneous crys-
tallization of antimony alloy was observed resulting in the formation of non-interconnected spheroi-
dal granules within the range of sizes of 0.1—0.001 cm. Distribution of the granules over sizes proved
to be non-Gaussian but rather of hyperbolic character. It means non-classic behavior of the melt
under crystallization in the given conditions.

At the microscopic level it was found that the presence of pores is typical for the surface of granules
as well as the local roughness areas. At the same time morphology of the bulk in the granules observed
at the cleavage zone corresponded to the crystalline material.

Results of the X-ray diffraction analysis demonstrated that parameters of the elementary crystal cell
in the obtained material are slightly greater for all of the crystal axes as compared with the crystalline
material but nevertheless, they corresponded to the primary hexagonal modification. This is connect-
ed with the structural features of the surface layer in antimony granule. It is confirmed by the Raman
investigations which indicated a determinative role of the corrugated antimony layers in the process
of the surface formation of the granules.

Combination of the determined peculiarities in the structure and shape of the antimony granules can
explain the appearance of the visually observed electrostatic properties and measurable charge with
the surface density of about 10~ C/mm?. The mutual influence of the granules being in contact between
them was observed and it was revealed as fluctuations of the charge value with time. The observed
electrostatic effects in the antimony granules are probably due to the formation of the charged surface
layers. In this case their spherical surface is stabilized by the excess charge that is characteristic for
the layered corrugated materials. According to the sum of the observed charged properties in the
granulated antimony it is possible to affirm that the charge at the surface of the antimony granules is
mobile one.

For the interpretation of the obtained results the model of discrete crystallization was proposed and
its characteristic feature is the absence of crystallization front and spontaneous formation of self-sim-
ilarly granules bound according to their sizes. Under the effect of the electrostatic fields of the clus-
ters within the melt there appears thermodynamic instability which is evolving as self-oscillating
bimodal process limited in time by the conditions of experiment and the features of crystallization
process itself.

Keywords: antimony, cluster, granule, crystallization, discrete, self-organization, hyperbole, auto-
wave, charge, electrostatic.
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