MeToANKUN CUHXPOTPOHHOrO
U3nlydeHUA gNAa nccnepoBaHuA

N
b, 3
. A\ ANHaAMUYECKUX NpoLL,eccos

Institute of hydrodynamics SB RAS E.R. Pruuel, K.A. Ten, A.O. Kashkarov, I.A. Rubtsov, V.M. Titov
Institute of solid state chemistry and mechanochemistry SB RAS B.P. Tolochko

Institute of nuclear physics SB RAS V.M. Aulchenko, L.I. Shehtman, V.V. Zhulanov
http://ancient.hydro.nsc.ru/srexpl

Parameters of experimental station on VEPP3/VEPP4.
High velocity x-ray radiography of detonation and shock waves.
Tomography of mechanical parameters of detonation wave.
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OCHOBHBIE TapaMETPhl ACTOHALUOHHOI'O TCYCHUA

D =8 km/c
P=10-30 I'TIa
D T=3--510° K
P E t=105c

| =1 MM

Puc. 32a. ®ororpadpuu peroHupyloumero 3apsaa AuHamurta (6GoJsipliasi CKOpPOCTh
| ” ”l JetoHauuu 5400 m/c). MHTepBan Mexkay KajapaMu 5 MKC, BpeMs 3SKCINO3HIHH
0,1 MKec.




CkopocTHas peHTreHorpadus
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Meramnudeckas CTpys OT KyMYJISTHBHOIO 3apsijia
MOCJIE€ MPEOIOJIEHUS CTAIbHOM CTeHKH. CKOPOCTH
rOJIOBBI CTPyH — 6 KHJIOMETPOB B CEKYHAY. BuaHa
nejieHa U3 OCKOJIKOB, BHEIPEHUE (PparMEHTOB MEJICHBI
B CTEHKY TPYOBI (BHHU3Y).

PeHTreHorpamma sanperpagHoro obnaka ocKonkoB, o6pasyrowerocs npu yaape 9-mm
wapuka U3 ariloMMHUSA CO CKOPOCTbIO 6,7 KM/C Mo 1,5-MM nNnacTUHKe U3 arntoMUHUS
(vHTepBan mexay kagpamu — 15 Mkc)




COBpeMeHHbIe MmeToabl nccnegosaHA ANMHAMUYECKUX
npoueccoB

* KOHTaKTHble gaTynKMN.

e CoBpeMEHHbIe peanmsaumm TpaanuLMOHHbIX METOA0B reHepaLmnm
PEHTreHOBCKOro NU3Ny4YeHus.

e Velocity Interferometer System for Any Reflector (VISAR).

e [IlpoTOHOrpadumA.

e MeToapbl ANATHOCTUKN CUHXPOTPOHHbIM U3/TyYEHUEM.

* [10 UMMNYNbCHOM 3HEPTETUKE B3PbIB U YCKOPUTENN MOXOMKM.
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Experimental scheme and photos of station on VEPP3/VEPP4
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Microstrip gase detector for imaging of fast processes (DIMEX)

before 2018 ———

XapaKktepuctmku getektopa DIMEX-3.

Pabouunm ras 70%Xe+30%CO,,

LLlar ctpmnos 100 MKm,

Yncno npoCTpaHCTBEHHbIX KaHanoB 512,

Yucno spemeHHbIX Kagpos 100,

MuHMMmanbHOe Bpema mexay Kagpamm is 125 ns.
NnHamunyeckmin gmanasoH 10%-103.

10* doTOHOB B KaHas, 3a H6aHu.
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Shock wave experiments

3 4 9

CIHHXpPOTpOHHOE
I3TyUeHITe |

CHHXPOTPOHHOE
Iy YeHIIe




o= O

High speed x-ray tomography

Scheme of tomography experiment
for density distribution
reconstruction: 1 — detector for
transmitted and attenuated x-ray
radiation, 2 - investigated
cylindrical sample, 3 — x-ray beam.

p = 1.075 r/em®, d = 20 mm

r=0mMmMmMm —

‘\ : r=9 MM —

-.n




Restoration of gas-dynamic flow parameters: density, pressure and mass
velocity

Equations of gas dynamics for a flow with
cylindrical symmetry
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Parameters of the flow during detonation of the charge of the TATB
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X-ray scattering and Detonation synthesis of carbon nanostructures
40 B

In the detonation products of a

number of explosives,

condensed carbon particles with

a diverse phase composition are

formed:

C,H:N;0, — trinitrotolol (tnt) |

C3HN¢O¢ — hexogen (rdx) 2000 4000 T,K

CeHgNgOg - trimino

trinitrobenzene (tatb)

C¢N¢O, — benzotrifuroxane (btf).

Yellow arrow -
incident beam of SI,
violet cone - X-ra




Reconstruction of the shape of
nanocarbon structures

Detonation carbon.
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Reconstruction of carbon particle size
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Detonation synthesis of metal nanoparticles for cataly5|s CO to CO, OX|dat|on)
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Particle size control

Palladium nitrate (Pd(NO,),). Palladium acetate (Pd(O,CCH,),).
C/Pd=0, D = 6.4 Hm. C/Pd=4, D = 3.1 Hm.
140 - Sample 1G-6 Pd-N 100 Zi??fof's Pa-ac
size - 316 mean - 3.1 nm
120 mean - 6.4 nm SD-1
SD-2.7 . 80 - d_-38nmm
eem | Compounds with a larger 6,-43mm
. m part of palladium in the
8 molecule produce larger ° o
particles.
Palladium caprylate (Pd(C,H,,CO0),). Palladium stearic (Pd(CiyH3sCO0),).
- 0=10 = V] D ~ B
Sample ppa-215 Pd-Capryl Sample Pd-StTATB

size - 192

size - 206
mean - 2.5 nm

mean - 1.5 nm
SD-0.3
ds -1.7nm

d -1.7nm



Combustion of nanothermic mixtures




Scattering and density at thermite combustion

Nanothermite CuO/Al, p = 0.5 g/cc, front velocity 524 m/s
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A solution of Carbon nanotubes Nanostructured explosive.

TNT in acetone. T dispersed in water
10000

Dry SWNT

PETN with 0.5%SWNT

TNT with 0.5%SWNT

RDX with 0.5%SWNT

Al with 1.0%SWNT




X-ray scattering at detonation. Petn with single wall carbon nanotube.
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PETN with 0.5% SWNT
Air
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Advanced Photon Source, Argonne National Laborator

DCS experimental and beamline characteristics include:

Peak stresses: to well over 350 Gpa.

Shock wave time durations: ~5 ns to microsecond.

Focus on diffraction, imaging, and scattering measurements; simultaneous continuum
measurements.

Energy range from 5-35 keV — with energies to 100 keV for imaging.

Special purpose experiments to complement dynamic compression.
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OOLwasa cxema ctaHUUM

CTaHuMa nccnenoBaHna ObICTPONPOTEKALWKMUX NMPOLLEeccoB

Cekuuns Cekuus Cekuyus
CraHuus 3KCTPEMasibHO "Mnasma" ANHaMN4eCKMX NPoLLeccoB
MUKPOMOKYC BbICOKMNX

Temnepa
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BbiCTpbIii 3aTBOP Paspenutenn
(1/10 - 1/100) 8-0.8 kBT ny4yka
CeKLmA SIKCTpemManbHO Cekuusa Cekuus
CsepxnpoBoasLmii LunmHapuyeckue BbICOKMX TeMnepaTtyp “Nnasma” AvHamuuecknx

Burrnep (85 KBT) JINH3bI npoLeccos



TpeboBaHuaA K ny4yky CU Ha cekKumMax cTtaHUUm

Bpemsa mexay PacnpeaeneHune 3apaa B 6aHue MonHbIN TOK B
6aH4Yamu no nepumeTpy HaKonutene

5-6 HC

100 HC

5-6 HC

PaBHOMepHOe
3anoJsiHeHne

PaBHOMepHOe
3ano/siHeHune

Moe3p, (train)

2.48 HK
(12 HK B3MMM3)

45 HK

20 HK

0.4 MA (=255 6aHuen)

0.4 MA (=14 6aHuen)

0.4 MA (=30 6aHuen)
5.5*%30=165 Hc
T=1591 Hc
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Thank_ you

for your attention!




