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Kpwusas aaa HaHOKOMIIO3UTOB B 004acTy HU3KuX Kb Ae>XXuT BhIIle 3aBMCUMOCTY, IIOAYIEHHOM AAs
MexaHIJeckux cMeceii ¢ Al(7), 94To cBsA3aHO C yCHAeHMeM BAMAHMS CTPYKTYpHI 3apsga Ha MC mpu
CHIDKeHNN crerteHn okmcaeHmst Al. V3 pacuera caeayert, uto npenmytectso mo MC HaHOKOMIIO3UTA C
THT nag uncteim THT MoxkeT gocturats yeTsipex eaunui. OgHaKo ga’ke HaHOKOMITO3UTEI Ha ocHoBe THT
1o MC 3aMeTHO yCTyHalOT OKTOTeHY.

®omMa pacueTHBIX KPUBBIX Ha pHUCyHKe 20 moBTOpseT (GopMy KpMBBIX Ha pucyHke 2a4. Ilpm
nospimenun Kb BB csepx HyaeBoro sHaueHus1 KpMBbIE yCTPEMASIOTC BBEPX. DTO IPOUCXOAUT He TOABKO
6aarogapst 601ee oaHOMY OKucAeHUIO Al, HO U 3a cueT BBICOKOTO Teraosoro s¢gdekxra peaknuu Al co
cB060AHBIM KucaopodoMm. Hanoxkommosursl Ha ocHose BB ¢ moaoxureasnsiM Kb He ob6aagaior
npenmyirectsoM 1o MC mepea cocraamu ¢ Al(7). Ilpuunna 3akaio4aeTcss B TOM, 9YTO TOMOTeHM3AIIVs
CHCTEMBI 3a CYeT CO3JaHMsI HAHOKOMIIO3UTAa CTaHOBUTCA Maao9(dPeKTUBHON B caydae, KOrja 3a
XapaKTepHBbIe BpeMeHa IIpoliecca Ja’ke MUKpOopa3MepHbIil Al MCIIBITEIBaeT rAyOOKOe OKIVICAEHNeE.

Taxum oOpasoM, pe3yAbTaThl HOATBEPANAN BO3MOXKHOCTS nosbiieHnst MC BB 3a cuer go0aBaenms
nopomkoobpasHoro Al V3 »KcepuMeHTaABHBIX U pacUyeTHBIX JaHHBIX CJeAyeT, 4YTO CO3jaHue
aAIOMVHNM3MPOBAaHHOTO HAaHOKOMIIO3MTa IleAecoo0pa3HO AMINb B cAydae, KOTda B3PLIBYATON OCHOBOI
cocrasa cay>xut BB ¢ pesko orpuniareasusmv Kb (THT, TpnamMmmuaoTpuanTpobensoa u 1.11.). VzsecTHo, 94To
MMeHHO Takue BB mpeacTaBAsioT mMHTepec Kak BO3MOXKHBIe KOMIIOHEHTHI HHepTeTHYecKMX MaTepualoB
MOHIMKeHHOTo pucka. [loayyeHHble aaHHBIE MOIYT OBITh MCIIOAB30BAaHBI AAs COBEpPIIIEHCTBOBAHMS
TepMOJAMHAMIYECKMX IIPOTPaMM pacdeTa B3PHIBYATHIX XapaKTepucTuk BB.
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INFLUENCE OF ALUMINUM ADDITIVES ON ACCELERATION ABILITY OF HIGH EXPLOSIVES
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The acceleration ability (AA) holds a special position among the characteristics of high explosive
(HE), because the results of AA measurements allow one not only to determine the important parameter of
HE efficiency but to study the process of expansion of detonation products (DP) as well. One of the most
extensively used methods of AA investigation in our country is M-40 (analogue of M-60 and M-20) [1].
According to this method, a steel plate, 40 mm in diameter and 4 mm in thickness, is accelerated from the
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end of a cylindrical charge, 40 mm in height and diameter, in the channel of a thick-walled steel shell. The
measure of AA is the plate velocity at a distance of 40 mm from the charge end. The data considered in this
report correspond to the M-40 method.

The results of AA investigations, presented in [2—4], suggest that dispersed Al is presently the most
promising material for use as a fuel additive in the explosive formulations. In recent years a particular
attention of researchers of ICP RAS has been given to the mixtures containing nanosized aluminum (nAl).
Specifically, AA of nanostructured composites based on HMX was studied [5]. Contrary to the
expectations the nanocomposites representing the systems with uniform distribution of nAl particles in the HMX
matrix have no advantages in AA over the mixtures containing Al with the particle size of the order of several
microns. However the question of how change-over from a mechanical mixture to a nanocomposite in the
case of the other explosive basis, differing from HMX, for example, in oxygen balance (OB), has not been
discussed in detail. The work presented is devoted to the study of the dependence of AA of aluminized
explosive mixtures on OB of HE as well as on the concentration and particle size of Al (including nAl). The
prospects for enhancing AA by creating the aluminized nanocomposites are analyzed using the
experimental and calculated data. Both the new results and the data, obtained earlier, are discussed in the
report.

The compositions contained HEs: 1 — trinitrotoluene (TNT, -74%), 2 — TNT/RDX = 50/50 (—48%, RDX
— cyclotrimethylenetrinitramine), 3 — cyclotetramethylenetetranitramine (HMX, —21.6%), 4 — pentaerythritol
tetranitrate (PETN, —10.1%), 5 - trinitroethyltrinitrobutirate (TNETB, —4.1%), 6 — HMX/BTNEN = 50/50 (-
2.6%), 7 - dinitroguanidine (DNG, +5.4%), 8 — bis(trinitroethyl)nitramine (BTNEN, +16.5%). HEs are
aligned in order of increasing OB, values of which along with the notations of HEs are presented in
brackets. The mixtures contained four types of Al, differing in particle size as well as in activity (the
concentration of active metal). Al(150), Al(15), Al(7) and Al(0.1) had the activity equal to 99, 98, 98 and 87
% respectively (the mean size of Al particles in micrometers is given in brackets). The nAl powder was
produced by the condensation Gen-Miller technique at INEPs CP RAS [5]. The mechanical mixtures were
prepared by prolonged mixing of components in the medium of inert liquid in a steel container with roller
gears. The particle size of HEs in finished mixtures was 1040 um. The charge consisted of pellets, obtained
by a cold compression method. The relative charge density was 94-98 % of the maximum possible value.
The relative plate velocity was expressed in percent (in relative units). The reference was the HMX charge
of the porosity identical to that of the investigated sample. The calculation was carried out using the
method developed previously [6].

The data on relative AA of the compositions based on four HEs of different OB are shown in Figure
1 (numbering is presented above). As Figure 1 suggests, the calculation results agree satisfactory with the
experimental data. Figure 1a illustrates the influence of Al(7) content on AA of formulations. As it follows
from Figure 14, the Al(7) addition decreases AA of TNT. This effect is caused by the low oxidation degree
of Al(7) in reactions with DP of HE depleted in oxygen. According to the calculation method, the effective
degree of Al oxidation is evaluated. For example, in the case of the composition TNT/AI(7) = 90/10 this
value was found to be ~ 0.3.

Nonetheless, the usage of Al(7) can lead to the increase in AA, as exemplified by the study of HEs
with higher OB than that of TNT (Figure 1a). As the Al content is over the optimal value (10-15 %) AA
decreases, because in this case the degree of Al oxidation is not sufficient to compensate for the losses
attributable to the presence of condensed phase.
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Figure 1. (1) — AA of the compositions versus the Al(7) concentration. (b) — AA of the compositions with

15% Al (10% for the system based on TNT) versus the Al particle size. Solid lines with symbols
— the experiment for the mechanical mixtures, dashed lines — the calculation.

The greatest increase in AA (of several units) was obtained in the case of BTNEN (HE with positive
OB). When estimated with regard to the experimental AA value the effective degree of Al(7) oxidation for
the mixture BTNEN/AI(7) = 90/10 approaches 0.9. However the mixture is superior in AA to HMX only
slightly. Among the systems considered, the formulations, containing the powerful HMX/BTNEN
composition with OB close to zero, have the greatest AA value.

Figure 1b depicts the dependence of AA on the Al particle size. As indicated in Figure 1b, the
change-over from Al(7) to Al(0.1) in the mixtures with BINEN leads even to the slight decline in AA. This
result is attributed to the fact that Al(7) undergoes deep oxidation when reacting with DP of BTNEN in a
process time frame, and lowering the Al particle size to 0.1 um doesn’t compensate for the losses caused by
the increase in oxide film content of Al powder.

The mixtures based on HMX/BTNEN and HMX have a similar nature of the dependence of AA on
the Al particle size. However in this case the compositions with Al(7) and Al(0.1) are identical in AA
within the limits of experimental error. In the case of the mixtures based on TNT the curve in Figure 1b has
an alternative shape. The greatest AA value of TNT/Al = 90/10 corresponds to Al(0.1). The result obtained
is attributable to the low degree of Al(7) oxidation during the test. When the degree of active Al oxidation
is low the influence of Al particle size on AA grows. As this takes place, replacing Al(7) with Al(0.1) leads
to an additional increase in AA. However the gain observed is moderate: AA of the compositions with
Al(0.1) exceeds that of TNT by 1.5 units.

As the Al particle size increases from 7 to 150 micrometers, AA of compositions decreases. The most
considerable decrease is observed in the case of BTINEN (HE with positive OB). As it follows from the
calculation results, for the compositions based on BTNEN the degree of Al oxidation in a process time
frame is significantly higher than zero and it is noticeably dissimilar for Al(15) and Al(150). The TNT-
based compositions containing Al(15) and Al(150) slightly differ in AA. The calculation performed for the
mixtures with TNT has shown the low degree of the oxidation of Al(15) and Al(150) alike.

The results discussed above correspond to the compositions prepared by the way of common
mechanical stirring. Creation of aluminized nanocomposites is a scientific and technological challenge in
itself. The method for preparing the HMX-based nanocomposites was developed at INEPs CP RAS [5].
This method consists in spray drying of nAl slurry in HMX solution. The curves in Figure 2 express the
influence of OB of basic HE on the gain in AA caused by the Al addition. The solid line in Figure 24 has
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been constructed using the experimental data. The dashed line in Figure 2a corresponds to the difference
between the value calculated for the nanocomposite and the value measured for the basic explosive.
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Pucynox 2. The gain in AA caused by the addition of 10% Al to HE versus OB of HE: () — the solid line

with open symbols — the experiment for the mechanical mixtures with Al(7), dashed line with
closed symbols — nanocomposites. (b) — the calculation

It is evident from the shape of the solid curve in Figure 24 that in the case of the mechanical mixtures
with Al(7) the increase in OB of HE, in general, enhances the gain in AA. However this growth slows
down over the certain range of OB. The similar regularity was observed previously at study of the heat of
explosion of aluminized compositions [7]. Those data were explained from the viewpoint of the heat effect
of reactions of Al with different oxygen-containing products, the concentrations of which in turn
depended on the elemental composition of HE. It is not inconceivable that one of reasons for the
occurrence of “plateau” on the solid curve in Figure 24 is the distinction in heat effect of reactions of Al
with different products.

The curve obtained for the nanocomposites lies above the line constructed for the mechanical
mixtures over the area of low OB. This is associated with the growth of influence of a charge structure on
AA with decreasing the degree of Al oxidation. From the results of calculations it follows that the
advantage of the TNT-based nanocomposite in AA as compared to TNT may run four units. However the
TNT-based systems are noticeably inferior in AA to HMX even though the nanocomposites are dealt with.

The curves in Figures 2a and 2b are identical in shape. These curves soar upwards as OB of basic HE
increases beyond zero. The increase in the AA gain is caused not only by more complete oxidation of Al,
but due to the high heat effect of the reaction of Al with free oxygen. The nanocomposites based on HEs
with positive OB have no advantages in AA over the formulations containing Al(7). The reason is that the
increase in the degree of homogeneity of explosive system by formation of nanocomposite is not efficient
in the case where even micron-sized Al undergoes deep oxidation in a process time frame.

Thus, the results of investigation favour the view that AA of HEs can be enhanced by the addition of
Al. As it follows from the analysis of experimental and calculation data, the formation of nanocomposites is
reasonable only in the case where basic HE has highly negative OB (TNT, triaminotrinitrobensene and so on). It is
known that such HEs are of interest as possible components of insensitive energetic materials. The data
obtained may be used for improving the thermodynamic programs of calculation of HE performance.
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BBEIBOP MOAEAEN ®OPMA AbHOV KMHETUKU AAsI OIIMCAHMSI
SKCITEPMMEHTAABbHBIX AAHHBIX PA3/10KEHNS CL-20

I1.H. Cmoaapog?, A.A. Bacurvesa?, FO.A. Muctopun?, 4.B. Aauirko?

ITHII P® OI'YIT «ITHMIMXM», Mocksa, Poccns
2QI'VIT «CKTB «Texnoaor», Cankr-IlerepOypr, Poccus

boarpmoe koamgecTtso ImyOAMKammif, MOCBAIMIeHHBIX corictbaM CL-20, B TOM umcae TepMM4ecKom
CTabMABHOCTHM, CBUAETeALCTByeT 00 MHTepece K HeMy KaK K MOIIHOMY 9SHepPrOoeMKOMY COeAVHEeHMIO,
00.a4amo11eMy BBICOKON TepMIUYecKoil cTabuABHOCTBIO [1,4-16].

B pabore [1] xuneruka pacmaga obOpasmos CL-20 msyd4asach B M30TEpMMYECKOM peXHUMeE C
ucnoan3osanueM Meroda TGA u FTIR cnexrpomerpa B TemmepaTypHOM Ananaszone 190°C - 204°C B
atMocdepe BO3Ayxa. ODKcIepuMeHTaAbHBle AaHHBle 40 50% paszaokeHUs yA0BAETBOPUTEABHO
OIMCBHIBAIOTCS ypaBHEHMEM I1IepBOTo Mop:sAAKa U He mogunHseTcs ypasHeHmuio [Tpoyra-Tomnkmnca [2,3], Ha
9TOM OCHOBaHMM aBTOpaMM JeJaeTcs BbIBO4, uTo pasaoxkenme CL-20 mporexaeT 6e3 aBTOKaTaamsa.
AHaan3 MPOAYKTOB peaxIiuy MPUBOAUT aBTOPOB K BBIBOAY, YTO IIE€PBMYHBIM aKTOM paclaja SBASeTCs
otpers NOz2. KoncranTa ckopoctu pacraga k=10'36 exp(-36300/RT)(1-n) nan k=10"*1exp(-38200/RT)(1-n)2.

B paGorte [4] kuHeTHKa pa3ao>keHUs usydasach Ha oOpasiiax e-CL-20 ¢ pasmepamu gactury 163 MKM
1 16 MKM (IToAydeHHBIe pacTHpaHueM KPYIIHbIX KpMCTaAA0B) Maccoil 5 MI' B CTaTUYeCKUX U AMHAMIYeCKIX
peXmnMax Harpespa. DKCIepUMeHTa/lbHble KpUBBIe ITOTepM Macchl Ipu cKopoctsax Harpesa 0.5°C/muH,
2°C/mmn, 5°C/muH 1 10°C/Mun ga51 obpasua pazmMepoM 163 MKM MMeIOT ABe YeTKO BBIpa’kKeHHBIEe CTaAWN
pas3Ao0>KeHus, IPU DTOM C yBeAdeHNeM CKOPOCTU pa3Ao>KeH!Us BeAMduMHa (B IIPOLIEHTHOM OTHOIIIEHUN)
IIePBOI CTaAVM YMeHbIIaeTcs (OpuMeHTUpoBOoYHO OT 55% mpu ckopoctn 0.5°C/mun A0 10% npu ckopoctu
10°C/muH). DKcriepuMeHTaAbHasl KpuBas pas3AoKeHMe oOpaslia C pasMepaMy 4YacTul] 16 MKM mpu
ckopoctu Harpesa 2°C/MMH He MMeeT TaKMX XapaKTepHBIX II€peXo4oB, KakK AAsl obpaslia ¢ pa3MepamMiu
gactul 163 MxMm. B paborax [2-3] oTMeuaa0ch, UTO B IIpoIiecce TepMOCTaTMPOBaHUsI 0Opa3Iibl paciialaanch
Ha OoJee MeaKme M IPU JOCTVIKEHMM OIIpeje]eHHOTO pasMepa IpollecC ocTaHaBAmBaAacs. llpm sTom
MeaKye KPUCTaaAbl OKa3hlBaAlCh 00lee CTOMKUMM, YeM KPYIIHbIe.

DKcnepuMeHTaAbHbIe AaHHBIe pasaoxkeHms (40 3%) e-CL-20 ¢ pasmepamm wactui 163 MKM B
TemIrepaTypHoM AnanaszoHe 160°C-180°C ya0BA€TBOPUTEABHO IMOAYMHAIOTCS YpaBHEHMIO aBTOKaTaAm3a
repsoro nopsiaxa: dn/dt =10"381lexp(-41150/RT)(1-n)+ 107 %exp(-44260/RT)(1-1) n.

B kaugectse mepsuuHoro axrta pacrmada CL-20 aBTopel Takke mpearnosaraioT oTpseiB NO: ¢
IIOCAeAyIOIIMM pacKpbeITeM KoaAbla. B pabore [5] wmsyueHa xkmuermka pacraga e-CL-20 B
HeN30TepMUIeckoM pexxnme co ckopoctamu 10°C/mun - 25°C/mun. Vicnoassys Mertog, Kmccnuaskepa,





