PA3JJEJT 2. HHCTPYMEHTAJIBHBIE, KOHCTPYKIJHOHHbBIE U ® YHKIIHOHAJIDHBIE MATEPHAJIBI
HA OCHOBE AJIMA3A 1 KYBUYECKOI'O HUTPHJIA BOPA

5. Jaworska L. Diamond-ceramic bonding phase composites for application in cutting tools //
Ceramic Mater. —2011. — N 63. — P. 131-137.

6. Mukhopadhyaya A., Raju G.B., Basu B., Suri A.K. Correlation between phase evolution,
mechanical properties and instrumented indentation response of TiB,-based ceramics // J. of
the European Ceramic Society. —2009. —N 29. — P. 505-516.

7. Gua M., Huangb C., Xiao S., Liu H. Improvements in mechanical properties of TiB,
ceramics tool materials by the dispersion of Al,O; particles // Mater. Sci. and Eng., A. —
2008. — N 486. —P. 167-170.

8. Kalfagiannis N., Volonakis G., Tsetseris L., Logothetidis S. Excess of boron in TiB;
superhard thin films: a combined experimental and ab initio study // J. of Phys., D: Applied
Phys. —2011. - N 44. - P. 1-7.

9. Subramanian C., Murthy T., Suri A. Synthesis and consolidation of titanium diboride // Int.
J. of Refractory Metals and Hard Mater. — 2007. — N 25. — P. 345-350.

10. De Mestral F., Thevenot F. Ceramic composites: TiB,—TiC—SiC — part I — properties and
microstructures in the ternary system // J. of Mater. Sci. — 1991. — N 26. — P. 5547-5560.

11. Szutkowska M., Smuk B., Boniecki M. Titanium carbide reinforced composite tool
ceramics based on alumina // Advances in Science and Technology. — 2010. — N 65. —
P. 50-55.

Ilocmynuna 05.06.12

V]IK 666.233
B. 10. loaimaToB, KaH/. XHUM. HAyK

QI'VII «Cneyuanvrhoe KOHCMPYKMOPCKo-mexHoaocuieckoe owopo « Texunonoey,
2. Canxkm-Ilemepbype, Poccus

K BOITPOCY MEXAHUMU3MA OBPA30BAHUA JETOHAIIMOHHOI'O HAHOAJIMA3A

IIpeonooicen HoBbII MexaHUusM 00paA308aHUS YACMUY HAHOAIMA3A NPU OeMOHAUYUOHHOM
cunmesze. Cxema npoyecca ciedyrowas: pacnad monexyn mpunumpomonyora (THT) na paoukansl
CHj3', paouxanonodoomwiii oumep C," u monexyn 2excozena na C;; 00Ho8pemennoe o0pazoeanue
yuxnoeexcana uz C,' MONEKyIbl a0amManmana 6 UOHUUPOSAHHOU dopme; 63aumodelicmeue
anmazono006Ho2o A0pa (UOHA AOAMAHMAHA) C MEemUIbHOU U OpYyeUMU MOHOY21ePOOHbIMU
paoukanamu;, pocm yacmuyvl [JHA  ananoeuuno CVD-npoyeccy. HMonusuposannas monexyna
A0amManmana 3apoxicoaemcs 6 OUana3oHe om CepeouHvl 30Hbl XUMNUKa 00 niockocmu Yenmena—
Kyee, ammasnas uyacmuya yeenuyugaemcs 6 HAYANLHOU  CMAOUU  U30IHMPONUUHO2O
(metiioposcko2o) pacuiupenus: 2a3000pasHbiX NPOOYKMOo8 0emoHayul, 3aX8amvlearoyux meepovle
yacmuysl yenepood.

Knrouesvle cnoea: mexanusm 00paszoeanus, yoapuas — 60JHA, 30HA  XUMNUKA,
MPUHUIMPOMOILY O], OeMOHAYUOHHBIU HAHOAIMA3, PAOUKATbL, YUKTO2EKCAH, A0AMAHMAH.

Teopust mporecca, mpUBOIAIIETO K OOpa30BaHMIO YAaCTUIl JETOHAIMOHHOIO HaHOAlMasa
(IHA), no cux mop HOCHUT ITUCKYCCHOHHBIM XapakTep. TeM He MeHee, pe3ylbTaThl aHaIu3a
cOOCTBEHHBIX JaHHBIX M JAAHHBIX JIPYTUX aBTOPOB B OCHOBHOM IO pe3yjibTaTaM MOJpbIBA CILIaBa
Tpotuia ¢ rekcoreHoM (~50/50), mo3BOJIAET MOCTENEHHO MOAXOAWTHh K MOHMMAHUIO MEXaHU3Ma
obpazoBanus J{HA.

JleToHallMOHHAsA BOJIHA MPEACTABISAET COOON eMHBINA KOMIUIEKC YAapHOU BOJHBI, HA (GPOHTE
KOTOpOIl HauyMHAETCs pa3lioKeHHe B3phIBUATOro BemiecTBa (BB), 30HBI Xumudeckod peakiuu
(XuMITMKa), CIEAYIOIIEeH 3a yIapHO#W BOJHOW M 3akaHYMBArIomehcs B Tuiockoctu Yenmena—Kyre,
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HAaKOHEl, TEWIOPOBCKOW BOJHBI  Pa3rpy3Kd  (M309HTPOINBI), IPUYEM DHEPrOBBIIEICHHE
IIPOJI0JDKAETCA U 3a IocKkocThio Yenmena—Kyre.

Pacriag monexkyn BB oOecneunBaeT MOBOJBHO BBICOKYIO KOHIICHTPAIIUIO «CBOOOIHOTO
yriiepoja B OTpaHMYCHHOH BpeMEeHEM M 00BEeMOM 30HE XMMHUYeCKOW peakiuu. [11oTHOCTH 3TOMN
Cpelbl (CIIa3MBI») COCTABIISIET ~2,3 I/CM”, U ee TPYIHO CUHTATH ra3006pa3HOIL.

Yao6HOE A MHOTHX UccliefioBaTeneil [1-5] mpencraBieHue o ToM, 4TO B JETOHAIIMOHHOMN
BOJIHE (B JICHCTBUTENBHOCTH B 30HE XMMIIMKA) MOJIEKY/ 16l BB momHOCTBIO pa3pyiiaioTcs Ha aTOMBI,
He peanbHO. Jleno B ToM, yto Toibko mist paspeiBa cBsazed C—H u C—N B THT tpeGyerca 3000
k/x/Monb, B rekcoreHe — 3071 x/[x/Monb [6]. B To ke Bpems sHEprus, BBIACISIOMIAsCS MpU
neronanmu THT, ne npessimmaer 809 k/x/mMonb, rekcorena — 1239 kJx/mMonb, T. €. mouT B 3 pasa
MEHbIIIe, YeM Heo0X0IMMO. B 3T0ii CBS3M MpeicTaBiIeHusl MHOTHX HCCIIe0BaTeNIei 0 TOMOT€HU3AIMN
«CcBOOOJTHBIX» aTOMOB YIJIEpoja ¢ MOCIEAYIoIel KoHIeH caled B aMop(hHYI0 YriaepoHyto (asy B
COUETAaHUHU C KHUJIKOKANeIbHOW KoajecueHuuen [1,2] mam ¢ koaryiasimed M KpUCTaUIM3aluen
yrJlepoJla Ha HW303HTPONE pacliupeHus [7], WM ¢ KOHJEHCaluell yriepoja M3 CHIBHO
MIEPECHILIEHHOTO apa M0 CXEME «Iap—KHUJIKOCTb—KpUCTAILD» [4, 5] Bpsia 1M peanbHbl B KauecTBE
€IMHCTBEHHOTO WJIM OCHOBHOTrO MexaHusma oOpaszoBanusi /IHA. Cnemyer Takke OTMETHUTh, YTO B
cllydae KpHCTaJUTM3allMM 0Opa30BaBIIMXCS Kallellb JKUAKOTO YIJIepoJa HAyHETCS MHOTOTOYEYHast
KpUCTAJUIM3aLUs alMa3a C MOBEPXHOCTH Kalellb, a 3TO HE NPHUBEAET K COBEPLICHHON CTPYKType
KyOMUYEeCcKOro ajMasa, IoJly4aeMoro B pe3ysbTaTe JeTOHAIMOHHOTO CHHTE3a.

PaspeiB cBsazeir B monekyne THT compoBoxnaercs OTpPbIBOM METHIBHOM TpYIIBbL €
o0pa3oBaHUEM aKTHMBHOI'O METWJIBHOTO PaJyKalia, HUTPOTPYNIbl U (pparMeHTanueil 6€H30JIbHOTO
KOJIbLa B «Il1a3Me» XuMIuka. OTpbIB CBS3€H B MOJIEKYJE NE€KCOT€Ha MpoXoAuT mo cBsa3siM C—N.
HauOosiee BakHBIMH KOMIIOHEHTaMHU «IUIa3MbD» Ul MOCIEAYIOIIEro o0Opa3oBaHus aiMasa
spisitores  pamukansl CH;', CH,", CH™, C,H, m oTHOCHTENbHO HEOOJBIIOE KOJIMYECTBO
cBoOo1HOTO yriiepoaa B Buae C U COOTBETCTBYIOIUX HOHOB. BaXKHBIM 3JIEMEHTOM SIBIISICTCS TAK¥Ke
u Bonopona B Bunae Hy, H, HuH [8].

[TockonbKy B MoJIeKylax TIeKcoreHa (WM OKTOreHa) orcyrcTByrorT cBsisu C-C , a
npucyrcTBytoT cBsi3u C—N , HMEHHO M3 3TUX MOJIEKY1 ¢ HauOoJIbIIed BEpOSTHOCTHIO MOXKET
BBIJIEIUTECS yriiepoJ B cBoOoaHoM Bujae. B mosekyne THT nambGonee BeposSTHO BbIAEICHHE
(parmenTa MoJIeKyJ bl OEH30J1a B BUIE paaukaaononooHoro aumepa C, .

Ckopee Bcero, CymecTByeT He OJMH, a HECKOJIBKO MeXaHU3MOB oOpa3oBanus yactull JJHA.
[lepBuunble (parMeHTsl OymyIIMX HAHOAIMa30B HAYMHAIOT O0Opa30BBIBATHCS U3 PaAJUKAIIOB
YIJIEBOJAOPOJOB OT CEPEAMHBI J0 KOHIIA 30HBI XMMHUYECKOH peakimuu (10 TIOoCKocTH YenmmeHa—
Kyre). IIpu 3ToM 0Opaszyercss He OEH30JbHOE SAPO, a IHUKIOTeKCaH (PHEPreTUYECKH Hambosee
BBITO/IHBIN ). Hebombiioe KOMMuecTBO Kareib KHUAKOTO yriiepoia, 00pa3oBaBIIUXCS 0 MEXaHU3ZMY
JKUJKOKATMEIbHON KOaleCleHIUH, aMop(U3upyeTcs MPU PACHIUPEHUH ra3000pa3HbIX MPOIYKTOB
netonanuu (I1]]) Ha mepBoM 3Tane ux pacuupeHus (Ha MepBOM dTare U30IHTPOIIBI).

[Ipy wW3ydYeHMH U30TOMHOTO COCTaBa aaMa30CoJepiKalled IIMXThl, MOJYYCHHOW NpU
netoHarun okrorena ¢ THT, medeneiM “C [0 METHIBHOI TpyIIe, OBUIO YCTAHOBIEHO, YTO
ocHoBHas 4acTh JIHA B mpoiiecce AeTOHAIIMOHHOTO CHHTE3a 00pa3yeTcsl U3 Yriaeposa, BXOASIIEro
B coctaB THT [9]. Anamoruunsiii BbIBOA OBbLI CAENaH MPU HCCIECIOBAaHUU CHHTE3a U3 CMECH
rexcorena u THT, meuersiM ‘C B nepBoe nosnoxenue 6enzonpbHoro konbita THT [10-14]. Ilpu
3TOM B 00pa3oBaHMHU anmasza y4acTBYIOT Bce artombl yriepoaa THT. Ilpu netonanuum cruiaBa
THT/rexcoren = 50/50 HanoanmMassl 00pasyrores u3 yriaepoaa THT/rekcored B cootHomennu 93/7.

[lepBHYHBIM «CTPOUTENBHBIM OJIIOKOM», CKOpEe BCEro, SBISETCS PaauKaiIonogo0Hast
yactuua C,, BCTymaromas B XUMHYECKOE B3aUMOJICHCTBUE C TaKOW e YacTUIeH ¢ 0Opa3zoBaHuEM
IUKJIOTEKCOTE€HAa WIIM Cpa3y MOJIEKYI aJaMaHTaHa.

[TpucyTcTBUE METWIIBHBIX PAJAMKANIOB, B YacTHOCTH U3 MeTwibHOM rpymmsl THT, B 30He
XUMHUYECKOW PEaKIUH MOKET CHOCOOCTBOBATH OOpAa30BaHMIO alMas3a 4yepe3 PEeakiMio METHIHHOTO
pamyKana ¢ paJuKaIoNnoAoOHOM uacTuied ajamanTtaHa, aHajgormyHo CVD-mertony mnomydeHHs
aJIMa3HbIX MJIeHOK. B ra3zoo0pa3ubix I1]] o 3aBepmennn cuateza [IHA oOHapykuBaeTcsi OCTaTOUHOE
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komnyectBo meraHa — 0,5-0,7 % (mo wmacce) [15], 4ro TakKe MOXKET CIYKUTh KOCBEHHBIM
JI0Ka3aTeIbCTBOM BO3MO>KHOCTH y4aCTHsI METWIIBHOTO pafyKaa B rpolecce pocta yactuips! JJHA.

B 0OBIUHBIX YCTIOBHSX CHHTE3 a/laMaHTaHa JOBOJIBHO CJIOJKEH — 3TO MHOTOCTA/IMIHBIN MPOIIecC.

B Ka4ecTBe HCXOJHBIX IIPOLYKTOB HCIIOJIb3YIOT aup Meepgeitna
(TerpameTmioBbIi 3¢up Ounmkio[4,3,1HoHauon—2,6—TeTpakapooHoBoi — 1,3,5,7 KUCIOTHI) WK AUMED
uukionenraauena (metox lnaiiepa). OqHaKko Takue UCXOIHBIE MPOIYKTHI MOTYYUTh OYEHb CIIOKHO.

AllaMaHTaH — 3TO HACBIIICHHBIM TPUIMKINYECKUH MOCTHKOBBIN yraeponx — CioHio.
Mornekyna ajJamMaHTaHa COCTOMT M3 TpeX LMKIOTEKCAaHOBBIX (PparMeHTOB, HAXOIAIIUXCA B
KoHpopManuu «kpecio». [IpocTpaHCTBEHHOE pACIOJIOKEHHE aTOMOB YIVIEpOJAa B MOJIEKYJIE
aJlaMaHTaHa IIOBTOPSET pACIHOJIOKEHHE aTOMOB B KPHUCTAUIMYECKOM pEIIeTKE anMasa.
YHUKaNbHOCTh MOJIEKYJIBl aJlaMaHTaHa 3aKI4YaeTcs B TOM, YTO OHA SBJSETCS OAHOBPEMEHHO
KECTKOM M MPaKTHYECKH CBOOOJTHON OT HampspkeHWd. MoJekyna agaMaHTaHa 00Ja/laeT BBICOKOU
CUMMETpHUEN U TEPMOCTONKOCTBIO.

OOBIYHO YITIEBOJIOPOJIBI, CTPYKTYPa KOTOPHIX 00pa30BaHa TOJIBKO G-CBS3AMH (Kak B cllydae
ajlaMaHTaHa), XUMHYECKHM UWHEepTHBHl. HecMoTps Ha 53TO, ajJaMaHTaH W €ro IPOHM3BOJHBIE
peakuroHHOCocoOHbl. Tak, ajaMaHTaH-KaTHOH CYHIECTBEHHO CTa0MJIbHEE APYIMX TPETHYHBIX
kapOokaTHOHOB. [IoBBIIIEHHAs! CTOMKOCTh ATOT0 KaTHOHA CBS3aHA C yYacTHEM yJaJICHHBIX LIEHTPOB
MOJIEKYJIBI B JEJIOKAIN3aLUH 3aps/a.

Baxen ToT (akT, UYTO KOIMYECTBO COEJUHEHHMH, CIOCOOHBIX HW30MEPU30BATHCS B
aJlaMaHTaHOBYIO CTPYKTYpY, OrpOMHO€. B 30He XMMHUYECKOH peakIMM HaXOJUTCs HeOOJbIIoe
KOJIMYECTBO ~ AJIOMHUHMS, SBJIIIOILIETOCS KAaTaau3aTOpOM TaKWX HW30MEpHU3alMid.  3apoJbIlIH
(BO3MOYHO, alaMaHTaHa) HAYMHAIOT BO3HUKATh B 30HE XUMIIUKA, & UX POCT — B Havaje paznera [1/].

3amena THT B cmuaBe ¢ rexcoreHoMm (60/40) Ha TpUHUTPOOEH307 (METHUJIBHAs TpyImna
OTCYTCTBYET) MPHU OJMHAKOBOM MAacCOBOM COOTHOIIEHUH M NMPAKTHUECKH OJMHAKOBOH IIOTHOCTH
3apsina (cooTBercTBeHHO 1,65 T/’ 1 1,69 r/em’) mpuBoauT K cHmKeHuIo Bhixoaa JJHA B 1,5 pasa
(c 84 nmo 548 % (mo wmacce)) [16]. Ilpm oSToM KOIWUYECTBO Yriaepoga B CIUIaBe
TPUHUTPOOEH30JI/TEKCOI'eH yMEHbIIaeTcsi HezHauuTenpHo — Ha 1,6% (¢ 26,6 % (mo macce) — B
ciyyae npumenenust THT no 25,0% wmacc. ¢ tpuHutpoben3onom). Takum oOpa3om, METHIbHBIN
panukan THT urpaer oueHb BakHyt0 posib B 00pa3oBaHuu HaHoanMasa. Yactunpsl JJHA pactyT no
TUGPY3MOHHOMY MEXaHM3MYy 32 CYET XUMHYECKHUX PEAKIMH, MPOTEKAIOIIMX Ha MX MOBEPXHOCTH
npu aacopOIu CBOOOJHBIX YIVIEBOJOPOIHBIX pajuKaioB. B mporecce pocta anmmMa3zHON YacTHUIIBI
€€ MOBEPXHOCTh INIOCTOSIHHO MOKPBITA YIIIEBOJOPOIHBIMH PAJUKATIAMH.

Poct wactuip! JIHA npekpariaercst BcieacTBUe IByX (GakTOPOB:

o HAKOIUICHHS Ae(EKTOB CTPYKTYpPHI 10 Mepe POCTa YACTHIIBI M MPEKPAIICHHUS [epexoaa sp -
rUOpUIN3UPOBAHHOTO  yriepoAa  (HampuMep, METHIBHOTO pamukana) B sp -
rUOpUIM3UPOBAHHBIN «aIMa3HBIN» yriepo;

® JCUEPIBIBAHMS YIVIEPOAHBIX PAJUKAIIOB.

BeiBOA

[To MHEHHIO aBTOPA, JOCTATOYHO BEPOSATEH OJMH U3 CICAYIOIUX MEXaHU3MOB 00pa30BaHHUS
JAHA: pacnag B 30He xumuyeckod peakunn THT nHa pagukans C,” W MeTUIBHBII panukai,
obpasoBanne u3 C, IMKIOTEKCaHa, KOTOPBIA B pE3yJIbTaTe KaTATUTHYECKOrO JEHCTBUS
MOHHU3UPOBAHHOTO aTIOMUHUS U30MEPHU3YeTCs B alaMaHTaH; aJlaMaHTaH CIYXXHUT aTMa30Mog00HbIM
3apoapimeM Oynymiedt wactuusl JIHA. [lanpHedmuii pocT HaHOanMmasza MPOUCXOAMUT 3a CUET
B3aUMOJCHCTBUS C  METWIbHBIM, METWICHOBBIM  WJIHM  HMHBIM  HU3KOMOJIEKYJISPHBIM
BOJIOPOJICOJIEPKAITUM PAIUKAIOM YIJIepoia.

3anpononosano HOBUL MeXAHI3M YMEOPEHH YACMUHOK HAHOAIMA3Y NPpU O0emOHAYIUHOMY
cunmesi. Cxema npoyecy nacmynua: posnao moaexyi mpunimpomonyony (THT) na paouxanu CHj',
padixanonodionuii oumep C;' i monexyn 2excozeny na C;; 00HOUACHE YMEOPEHHS YUKIO2EKCAHY 3
C," monexynu adamanmamny 6 IoHi306aHill ¢hopmi; 63aemM00is armMazonodibnozo Aopa (iona
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ao0amManmana) 3 MemilbHol ma IHWUMU MOHO8Y2leyeseMu pPAaouKaIamu, 3POCMAHHA YACMUHKU
JIHA ananociuno CVD-npoyecy. lonizosana monexkyia adamaHmana 3apooxicyemvcs 6 O0ianda3oHi
8i0 cepeduHu 30HU Ximnika 00 niowunu Yenmena-)Kyee, aimasna uwacmunxa 30in6uyemovcs 6
nowamkogii cmaoii i30eHMponitiHo2o (MeI0piecbKo20) pO3UUPEHHS 2A30N00IOHUX NPOOYKMIE
O0emoHayii, 3axona0YUX meepoi YACMUHKU 8)21eYlo.

Kniouosi cnoea: mexanizm ymeopemnus, yoapua X6uis, 30HA XIMRIKA, MPUHIMPOMOLYOI,
0emoHayiuHUull HAaHOAIMA3, PAOUKANU, YUKIIO2EKCAH, AOAMAHMAH.

In the present work we have suggested a new mechanism of formation of nanodiamond
particles during detonation synthesis. The process diagram is following: decay of trinitrotoluene
(TNT) molecules to radicals CHj', radical-like dimer C,, and hexogen molecules — to C,';
formation of cyclohexane from C;" or right away ionized adamantane molecules; interaction of
diamond-like core (adamantane ions) with methyl and other monocarbon radicals;, growth of
DND-particle like CVD-process. Origin of the ionized adamantane molecule occurs over the range
a center of chemical peak zone to the Chapman-Jouguet plane, growth of a diamond particle goes
on in a starting stage of isentropic (taylor) expansion of detonation gases, capturing solid carbon
particles.

Keywords:  mechanism  of  formation, shock  wave, chemical peak zone,
trinitrotoluence,detonation nanodiamonds, radicals, cyclohexane, adamantane.
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JAETOHAIIMOHHBIE HAHOAJIMA3DbI: THAPO®UJIBHBIE?
I'mMAPO®OBHBIE?

DKcnepumenmul N0 KPUOLEHHOU OYUCHKE NOBEPXHOCMU 0eMOHAYUOHHBIX HAHOAAMA308 OMm
MONeKY 800bl noomeepicoaom 2uopogobHvle c8olicmea NoGepxXHOCMU Hauwoanmasza. Yacmo
Habaoaemvle 2UOPOPDUIbHbIE CBOUCMEA NOBEPXHOCMU HAHOAIMA308 6 OOoNbllel CmeneHu
ABIAIOMCS PE3VIbIMAMOM a0COPOUPOBAHUSL 8OOUL.

Knrwouegvie cnosa: OemoHayuonHvlli HAHOAIMA3, NOBEPXHOCMHAS XAPAKMEPUCIUKA
0eMmoHAYUOHHO20 HAHOAIMA3A, KPUOLEHHAS CYUIKA.

Experiments on cryogenic purification of detonation nanodiamonds surface from water
molecules makes us confidence in manly hydrophobic character of their surface. Frequently
observed hydrophilic character of detonation nanodiamonds surface, in a large degree, is due to
the adsorption water.

Key words: detonation nanodiamond, surface characteristics of detonation nanodiamond,
cryogenic purification.

B0o3MOXHOCTH MpakTUYeCKOro MPHUMEHEHHUs JeTOHAlMOHHBIX HaHoanMmazoB (/JHA)
00yCIIOBJIEHBI YUCTOTOM MPOIYKTa M (PU3UKO-XUMUYECKUMHU XapaKTEPUCTHUKAMHU HUX MOBEPXHOCTH
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