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He paBaoBecHas 3eabaoBuu-¢pon Heliman-/[epuHr Moaesb 1eTOHAIIMUA KOHAeHCHPoBaHHbIX BB !

The Non-Equilibrium Zeldovich-von Neumann-Doring (NEZND) model of detonation for
condensed phase explosives
[Tarver, C. M., Forbes, J.W., and Urtiew, P. A., Russ. J. Phys. Chem. B, Vol. 1, pp.39-45, 2007.]
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(B amotu modenu kunemuka no Appenuycy - copenue u3 «2opsuuxy mouex. Konoencayus yenepooa na nocieownei cmaouil.)

Ileab I0K/Ia/1a: HA OCHOBE IKCIIEPUMEHTAJBHBIX JAHHBIX M0KA3aTh, 4YTO 3TO He Tak. [loka3aTh, 4TO HA HAYAJIBLHOM
CTaIMH OCHOBHYIO POJIb HTPAIOT HHUIMUPOBAHHBbIE CKAYKOM JIaBJICHUS PEAKIMHU, U CBOOOIHBIN YIJIEePOJ
oOpa3syercs NPEeUMYLIECTBEHHO HA HAYAJbHOM CTAUM IeTOHALIMOHHOI0 PA3JI0KECHUS, 4 He HA 3aKJII0YNTEeIbHOM.




IlepBble, COMHeHNsI B MeXaHu3Me JeToHauuu no Tarver, C.M. nossBunchb npu
aAHaJIN3€ PeE3yabTarToB IKCIICPUMEHTOB ¢ «MCUCHBIMHW)> aTOMaMHU B COCTaBC€ BB.
First, strictly reasonable doubts in the mechanism of detonation on Tarver, C.M.
appeared when analyzing the results of experiments with the labeled atoms in the
HE composition.

Cocras 3apsina BB:
Composition of HE charge:

«Meuenble» aToMbl (M30ToIbI 13C)
BBOJUJIMCH B METUJIBHYIO TPYIIITY MOJIEKYJ
tpotuna (THT).

Tpormi cMemuBaJicsa ¢ OKTorenom (OIN).
“Labeled” atoms (isotope 13C) introduced in
the methyl group of TNT molecules.

TNT mixed with HMX.




ITocTranoBKka IKCIICPUMEHTA
Experimental technique
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(I azoobpazHvie nPpooyKmvl KOHOEHCUPOBAIUCH NOCIE008AMENbHO 00 MEMNEPAMYpPbl HCUOKO20 2elUsl.)




Omnbit Nel: THT — 40%; I'T — 60% (pa3mep gactuil < 50 MKM)
OmpiT No2: THT — 40%; OI' — 60% (pa3mep gactui > 120 MKM)
Test No. 1: TNT — 40%; RDX — 60% (particle size <50 pm)
Test No. 2: TNT — 40%; XMX — 60% (particle size > 120 yum)

Ta6.1. Usmepennoe conepxanue °C B xommoHeHTax ucxoaubix BB u IT]1.
Table 1. Measured content of 13C in the HE components and DP.

BC/C,, %
Iponykrel neronamuu (I1/1)
OneiT Ne Detonation products (DP)
Test No. THT BB, c
INT HE, axa (B T.4. Advas
ajmas) Diamond CO CO,
Soot
1 9,2 5,4 55 6.8 4,2 4,6
2 9,2 5,0 5,9 8.0 4,9 3,8

[Anucuukun B.®., Jlepenosies b.I., Konmiwoe B.A., Manvkos U .IO.,
Canaxymounos H.®@., Tumoe B.M. //®u3nka ropenns u B3pbiBa. Ne3, 1988.]

Oxazajioch, 4TO B aJIMa3HOI (ha3e cogep:kaHue «KMEeTKH BbIIlIe, YeM B JIPYITMX NMPOJAYKTAX.
CraenoBaTelbHO, alIMa3, Kak CBOOOAHBIN yIJIepo1 o0pa3oBaJjicsa panbie apyrux I,

1o cMmemuBanus komnoneHToB BB (THT u OI'), To ecTh Ha Ha4aIbHOW CTaJIMKU JIETOHAIIMOHHOTO
Pa3JIOKEHHUS, B OTJIMYKE OT MOCIIeI0BaTeIbHOCTH peaknwmii o Tarver, C.M.




Pacuer pacnpenesienus yriepoaa BB o npoaykram B3pbiBa 6
Calculation of HE carbon distribution throw detonation products
_____________________________________________________________________________________________________________________________________________________|
N — garciio aromoB yriepona BB, C — gmcio aromoB ¢cBOOOAHOTO yIiiepoa MPOayKTOB B3phIBa, D —
JHCJI0 aTOMOB YIJIepOIa aaMa3Hou (a3kbl.
N1\t Nrpx=100, 1me N\ 7=60,26 Ngpy=39,74 (1)
— paccMoTpeHue Benércs B pacuére Ha 100 atomoB ymiepoja B ucxoanou cmecu tpotuia (TNT) u
rekcorena (RDX).

13 12 —
Nrox/**Nrpx=0,011 (2)
— IIPpUPOAHOC COOTHOMICHUC YHCJIa MCUCHBIX U HC MCUYCHBLIX ATOMOB YITICPOJa B I'CKCOI'CHC.
13 12 —
Nrnr/**Nryr=0,102 3)
— COOTHOIICHUEC YUCJIa MCUCHBIX U HC MCUCHBLIX aTOMOB YITICPO/a B O6OF&HI€HHOM «METKOM»
TPOTHIIE.
U mak oanee (ececo 36 coomnowenuii). Et cetera.... (36)

Pemrenue 3Toil cucTeMbl YPABHEHUH MO3BOJIMJIO HAUTH paclnpeaejeHue arToMoOB yIjlepoaa
KOMIOHEHTOB cMeceBoro BB (THT+OK) no KOHAEeHCMPOBAHHBIM M Ia3000pa3HbBIM MPOAYKTAM
AEeTOHAIIUH.



Pe3yIbTaThI PACYETOB. V4
Results of calculation

/1 3aBHCHMOCTD COCTABA KOHAeHCHPOBAHHBbIX I1]]
0.6 a) C/N KOMIIOHeHTOB BB ot pa3mepa yactun BB.

I — Dependence of the composition of condensed detonation
0.44 2 products of HE components on the size of HE grains.
0.2 = M- THT TNT, & —IT (OI') RDX (HMX)

1 B * —A a) C/N — mons yriiepona komnonenta BB,

O | b) D/C MCpCIcCamecro B CBOGOI[HOG COCTOSHHUE,
0.8! ] b) D/C — conepxanune anmazHoi (assl
B CBOOOJTHOM yTyiepoze komnoHeHTa BB;
0.61 n c) D/N — nons yrnepona kommnoneHTa BB,

| —A MepenIe/Iero B aMa3Hyo hasy.

0'4: A L a) C/N — fraction of released carbon of the HE component;
0.2- 1 b) D/C - content of the diamond phase in the free carbon

: — of the HE component;

0.2_ c¢)DIN c) D/N — fraction (?f carbon of the HE component

l——— % —- converted to the diamond phase.

0.2 | A e B cB0OOIHOM yIiIepoje,
O+—+——"—F———F———Ffm BbIIeJTUBILEMCH U3 TPOTHJIA,
0 S0 100 150 d(um) colep:xkaHue aJaMa3Hou (a3bl CylIeCTBEHHO BbIIIIE.

(*Bmecme ¢ oannvimu: N. V. Kozyrev, P. M. Brylyakov, Sen Chel Su, et al., Dokl. Akad. Nauk SSSR 314, 889 (1990).
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IHouemy aTombI yriiepoaa TpoTujia B 00JiblIell CTENEHU BbIACISIOTCH B aJIMa3HOu ¢ase?
[IpennonoxkeHue, 4To Bo (PpoHTe cuinbHOM Y B yriepoaocoaepxkaniue BB, xumudyeckue coeuHeHuUs
Ha HAYaJIbHOW CTaJINM pPa3jiararoTcs Ha METaH, C y4aCTHEM BCeX aTOMOB BO/JIOPO/Ia, HA aIMa3 U
apyrue [1]1. (Uem 00abliie BOAOPOaa, TeM MeHbIIIe ajgMa3sal)

Hypothesis: in the strong SW carbon-containing HE and chemical substances on the initial stage
decompose to diamond, methane, etc.

C\HN,O, — (1/4)CH, + (k-1/4)C + ...,

10+ D kwlc Yrnepon 1
km/s Carbon
gl 1
6L 0 1
()
4L |
BeH3on
U kmlc
Benzene TS
2 1 1 1 1 1 .
0 1 2 3 4 5 6
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IIpumepsl pacyera pasioxkenuss BB u HHEepTHBIX opraHn4YecKux BeuecTs B YB o ¢popmyuie:

Examples of calculation of HE and inert organic substances decomposition in SW under the formula:

CkHleOn — ( |/4 )CH4 + ( k'|/4 )Cdiamond + ...— CH4 +20 — 2H20+Cnondiamond +...

Aama3s/caxka Diamond/soot %
Cocrap  Composition
Pacu. Calc. Okcnep. Expt.
C;HgN,O, (DNP) - 70% 40 32
oI+ _
HMX + C;HO; (glycerin) *33 *33
C;HO (allyl alcohol) *50 *55
C;H,0 (propargyl alcohol) *67 *65
C;H-N (allyl amine) *41 *42

*B coOCTBeHHOM KOHICHCHPOBAHHOM yriepose (caxe).

*In own condensed carbon (soot)

(B cnaovix BB aaimasza menbuie pacuemHblx 3HAUEeHUI U3-3a HU3KUX 0aesleHuil oemonauuu. B
UHEPMHBIX 000ABKAX 8 MOUWHBLU OKMO2EH napamempsl 0emoHayuu evluie — paciem 6onee mouer!)




IIpumep: MexaHH3M JA€TOHAIIMOHHOTO pa3jiokeHus Mejako3epuucroro T/T" 40/60

(OcHoOBHBIE CTAAUN).
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Example: Mechanism of detonation destruction of fine-grained Comp. B (Basic

stages).

BB

I(I)pOHT YB

Pa3zjioxeHue 10 MeTaHa U CBOOOJHOIO yIiiepoaa
B ajJMa3Hou ¢a3se, u ap. I1/]

HE

ISW front

Decomposition up to methane, free carbon in a
diamond phase, etc. PD

OxmuciieHne BOAOPOaa MeTaHA — BbIIeIeHHE He
aJIMa3HOTO yIjiepoaa

Oxidation of methane’s hydrogen - separation of
non-diamond carbon

IToaHoe nepeMemmuBaHUuC aJiIMa3HbIX H HE
AJIMa3HbIX YITICPOAHBIX YaCTHII.

Complete mixing of carbon particles (diamond
and non-diamond).

YacTuuHoe OKHCJIeHHe CBOOOTHOIO0 YIiiepoaa.
2CO0 & CO2+C

Partial oxidation of free carbon
2CO0 <« CO2+C




IIpoBoaumocTh PPOHTA JETOHAIIMOHHOM BOJIHBI

Conductivity of the detonation front
(Epwos A.I1., Camonxuna H.II. u op.)
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bb110 monydeHo, 4To MaKCUMaJIbHBIC 3HaYEHHUS MPOBOJIUMOCTH BO (DpOHTE JETOHAITMOHHOMN BOJHBI
KOPPETUPYIOT C PACCUUTHIBAEMBIM BBIJIEJIEHUEM BCETO YIJIEpOJia B CBOOOAHOM BHJI€ HA HAYAJIbHOU
CTAaUU JETOHALIMOHHOI'O PA3JIOKEHUS IUISI CAMBIX pa3HbIX BB.

To ecTh, KaK M NMMOKA3aHO BHIIIE, B MPOIecce IeTOHAIIMM €CTh MOMEHT, KOIJ1a MPAKTHYeCKH BeCh
yIJIepo MOKeT ObITh B CBOOOTHOM COCTOSIHHM.



Time-resolved small-angle x-ray scattering (SAXS) from detonating explosives 12

(M. Bagge-Hansen, L. Lauderbach, R. Hodgin, S. Bastea, L. Fried, A. Jones, T. van Buuren, D. Hansen, J.
Benterou, C. May, T. Graber, B. J. Jensen, J. llavsky, and T. M. Willey)

HNS Carbon Condensate Rg

50
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Radius of Gyration [A]

0 1 P, 4 4
time after detonation front [us]

The data show that HNS produces carbon particles with a radius of gyration of 2.7 nm
in less than 400 ns after the detonation front has passed, and this size is constant over
the next several microseconds.

CaenoBaresibHO, 3apPOABIIIN aJIMa3HOH (a3bl (CBOOOAHBIM YIJIEPOA) BOSHUKAIOT ellle
paHbllIe, 10 3aKJI0YUTENbLHBIX PeaAKIUil 1eTOHAIMOHHOTO PA3JI0KEHHS.




BBIBO/I: Pe3ynbTaThl 5KCIEPUMEHTOB C MEUYEHBIMH aTOMaMM yTJI€pO/ia, JaHHBIE MO
HU3MEPEHUIO MPOBOAUMOCTH JICTOHAIIMOHHOTO (PPOHTA, KHHETHKA POCTa ajIMa3HbIX

YJaCTHI] HE COTJIACYIOTCS ¢ MOJCbI0 AeToHauu [arver C.M.
SUMMARY: Model by Tarver C.M. is wrong.

OCHOBHBIC CTaaAMH., BKJIIKOYAIINUC IIPCBPAIICHNUA YIJICPOda .
The basic stages of process of carbon transformation:

1. HauaneHoii cTajueii mpeBpaleHuii OpraHMYecKrX BEIIECTB B J0CTATOYHO CHUIILHBIX YB
u /IB saBiseTcs pa3iiokeHue Ha METaH, yriiepo B aiMazHol ¢aze (v ap. I1]1).

( 3apopIy MIIOTHOM (pa3a BO3HUKAIOT HEMOCPEACTBEHHO IIPY CKauyKe JaBJICHHUS BO
dbponte YB.)

2. OkucieHre BOJ0pOa METaHa 1 BhIJCICHUE CBOOOHOIO yIyIepoaa B HE aiMa3HOH (ase.
3. HacTU4HOE OKHUCIIEHHUE CBOOOIHOTO YIIepoa.

1. An initial stage of transformations of organic substances in SW and DW is
decomposition on methane, carbon and etc.

( Diamond arises directly in SW front.)
2. Hydrogen oxidation.
3. Partial carbon oxidation.

Cnacu0o 3a BHUMaHue!
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