Detonation mechanism of organic high explosives and production of nanocarbon
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Abstract Condensation of carbon during the detonation of condensed explosives using two
methods of analysis - the method of labeled atoms and the method of electrical conductivity - is
considered.

A correlation between the electrical conductivity of the detonation front and the carbon
content in the explosive was discovered. The typical graph of conductivity at the detonation of
condensed high explosives (HE) is shown in Fig. 1. The value of conductivity increases up to the
maximum Om.x during several tens of nanoseconds, then it rapidly decreases to the point marked
as ocj, which corresponds to Chapman—Jouguet point (CJP), and the region of slowly varying
conductivity in the Taylor wave. The figure shows the end of the chemical reaction zone defined
by a crossing of straight lines.

The maximum electrical conductivity is reached within the reaction zone. This allows to
justify the mechanism of detonation decomposition of explosives in the part associated with
carbon: the release of free carbon in the early stages of detonation occurs with the formation of
dense and elongated electrically conducting structures. This process involves almost all of the
carbon. Then, some of the carbon is oxidized, which leads to a drop in electrical conductivity.
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Fig. 1. Profile of electrical conductivity at detonation of HMX, Omsx —maximum
conductivity, oc; —electrical conductivity in Chapman—Jouguet point. The figure shows the end
of the chemical reaction zone defined by a crossing of straight lines.

The diamond content in the detonation products of chemically different explosives can be
different. The process can be explained through experiments with carbon isotopes "“C in the
explosives (Fig. 2).
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Fig. 2. Isotope ratio in the charge components and detonation products as a function of the
average particle size of RDX (HMX). Charge components: (1) TNT, (2) TNT + RDX (HMX)
mixture, (3) charge no 1 as a whole (with a booster and a detonator), and (4) RDX (HMX).
Detonation products: (¢#) diamond phase of carbon (line 5), (®) free carbon as a whole (line 6),
(m) non-diamond phase of carbon (line 7), (A) CO (line 8), (¥v) CO2 (line 9), (O) ethylene
(C;H,), and (A) methane (CHs,).

The conclusion is the following. Firstly, there is a decomposition of high explosives in the
initial stages into methane and the diamond. Then, hydrogen oxidation of methane occurs, with
the release of additional carbon in the non-diamond phase and after that all carbon particles
coalesce into dense structures. In the subsequent stages, partial oxidation of carbon from the
surface layers of the structures occurs.

Thus, carbon is released mostly at the initial stages of detonation decomposition, on the
contrary to, for example, the well-known kinetic mechanism proposed by S.M. Tarver.
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Abstract PaCCMOTPEHa KOHAeHCalusd  yriepoda TIpW OeTOHALlMKM  KOHAEHCHPOBAHHBLIX
B3PBIBUATBIX BelleCTB C HMCIIO/JIb30BaHMEM ABYX METO/IOB dHA/IM3da — METOJa MEUEHBbIX dTOMOB U
MEeTOa 3JIEKTPOIIPOBOAHOCTH.

Panee [1,2] mpu aHamu3e SKCIIEPUMEHTA/BHBIX [JlaHHBIX [10 3/IeKTPONPOBOAHOCTH TPHU
JeTOHALlMM  KOHZIEHCHpOBaHHbIX BB Obula  mosyuyeHa — KOppPeJSIUS — BeJTUUMHBI
3/IEKTPOTIPOBOIHOCTH UM CofepkaHusi yriepoza. [IpyueM MakKCHMyM 5/7€KTPOIIPOBOJHOCTH
JIOCTUTaeTCsl BHYTPU 30Hbl XMMHYECKOW peakluu. OTO [aeT OCHOBaHUe TMpeAI0XKUTh
C/Ieyollyl0 Mojieflb KWHeTHMKH, CB3aHHYI0 C  YIVIepOAOM: 3a (POHTOM TIPOWCXOJUT
KOHZIeHCal[usi yriepofia C o0Opa3oBaHHEM MPOTSDKEHHBIX CTPYKTYp C TapasuiefbHbIM
pa3pylleHreM UCXOAHBIX MOJIEeKY/, B 9TOM IpOLiecCe Y4yacTByeT MPaKTUUeCKU BeChb YITIepo[,
Jlajziee TIPOMCXOJUT OKHWC/IEeHHe YIaepoJa C KpaeB CTPYKTYpbl, UTO BefleT K WCTOHYEHHIO U
pa3pylleHr0 CKBO3HBIX CeTOK. B Takoll Mopenu anmas sIB/SIeTCS OCTAaTKOM CTPYKTYp IOCIe
OKOHYaHMsI XMMUYeCKUX peaklvi, a He Bbl/le/isieTCsl B pe3y/ibTare HUX.
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Fig. 1. Tlpodunb 3/1€KTPONPOBOAHOCTA TpH JE€TOHALMU OKTOT€HA, Omax —MAKCUMYM
3JIeKTPONIPOBOJHOCTH, Oc; — SJIEKTPOINPOBOAHOCT, B Touke YermeHa-)Kyre. Ha pucyske
TipyBeZieH Criocob orpeiesieHust JTUTeIbHOCTHA 00/1aCTh BBICOKOH 371eKTPOIIPOBOJHOCTH.
[Tpu getoHaluu opraHuueckux BB u cmeceli ¢ nHepTHBIM HarosHuTesieM ¢ BB dopmupyetcs

asMa3Hasi yriepopHas ¢asa [3]. KommuecTBo U cozepkaHue aiMa30oB B TIPOAYKTaX AeTOHALUH
MOTYT OT/IMYAThCSI OT TIOJYYEeHHBIX TIPU Pa3pyllieHWd TaKWUX BeleCcTB B YB mpu Haua/lbHBIX
YC/IOBUSIX M€TaHa U CBOOOJHOTO yI7iepojia B ajiMa3HoM (pa3e, OKMCIeHUe BOPJOpOJa B MeTaHe C
BbIJIe/IeHEM YI/Iepofia B HeasMa3HOU (hase. Takoli MexaHW3M [IeTOHAIMU M pa3pylieHue B YB
OpraHUYeCcKUX BelecTB TaKKe OOBSCHSIETCS pe3y/lbTaTaMu SKCIIEPUMEHTOB C M30TONHWYeCKUM



yIJIEpOJOM B CTPYKType MoJjieKysisl BB, korza MeueHble aToMbl pacrnpeiesieHbl HeperysisipHO 1o
OTHOLLIEHUIO K MOJIEKYy/IaM B MIPOJyKTax.
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Fig. 2. 3aBMCHMMOCTb H30TOIHBIX OTHOLIEHWM B KOMIIOHEHTax 3apsiZioB M B NPOAYKTax
JleTOHAL[MM B 3aBUCUMOCTU OT CpeJJHUX pa3MepoB YacTul] rekcoreHa (okroreHa). KoMnoHeHTbI
3apszioB: (1) TNT, (2) TNT + RDX (HMX) cmecs, (3) 3apsia no 1 B miesiom (c Oycrepom u
netoHaropoMm), (4) RDX (HMX). IlpoaykTtbl geToHauuu: (4) anmasHas ¢asa yriepoza (TUHUS
5), (®) cBoOOAHBIN yTyiepos B 1jesioM (uHUs 6), (M) He anma3sHast Gopma yriepoza (MuHUS 7),
(A) CO (munuus 8), (v) CO2 (munHus 9), (0) atunen (C,Hy), u (A) metan (CHy).

l'umore3a o Mexanu3Me paspyiienuss BB Buga C,HyN.Oq cx0ka ¢ MexaHU3MOM, 00CyKaeMbIM
371eCh, U CTPYKTYpHBbIe ocobeHHOCTH MosieKyn BB uactuuHo coxpaHsitorcsi. [103TOMy I1aBHBIHN
BBIBOJI, UTO CBOOOZHBIN yI/Iepo/ BbIJe/sieTCsl He TOMbKO Ha ToCaeJHel CTafiud pa3pylleHus
MorsieKynbl BB, Kak B XOpollI0 M3BecTHOM KWHeTHKe TapBepa, HO B TeueHue Bcero rnpotecca, B
3aBUCHMMOCTH OT U3MEHSIOLLeroCs JaB/leHuts], TeMIlepaTypbl U COCTaBa Cpe/bl.
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