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I BNFF (aka DNTF)

BN FF has interesting properties
High density and output: @ = 1.937 g/cm3, D = 9000 m/s

Small failure diameter, df = 0.15 mm

o Hydrogen free, C6N808

o High reaction zone temperature: —4900 K, calc.

Melt stable: m.p.: 106.5 °C, decomp.: 292°C

Motivation of this work is to study near-failure
detonation behavior to provide data to
parameterize reactive burn models
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o
BNFF, 3,4-bis(4-nitro-1,2,5-
oxadiazol-3-yl)-1,2,5-oxadiazole
2-oxide.
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Physical vapor deposition of BNFF
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Critical detonation
thickness experiment
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Optical fiber data is
used to produce a
linear fit to position
versus time.



I Critical detonation thickness experiment results

Detonation velocity is relatively consistent
with decreasing thickness until reaching the
detonation failure thickness
o 66 ± 2 !,,im for the Lot-1 BNFF material deposited
on fused silica

o 55.6 ± 0.7 lam for the Lot-7 B\ FF material
deposited on polycarbonate

o Open point for the thickest film showing detonation
failure is included for illustrative purposes.

- \ ear-failure detonation behavior consistent with a
homogeneous explosive
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Lot-1 on fused
silica. Film
width: 1 mm.

Lot-7 on
polycarbonate.
Film width: 1.6
mm.
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Micromushroom test to study corner turning

Polycarbonate substrates, 10 X 10 mm

Stem width: 0.75, 1.00, or 1.50 mm

Cap width: 6 mm

Poly(dimethylsiloxane) (PDMS) to exclude air

Photographs of vapor-deposited BNFF
micromushroom samples with stem widths
of 0.75, 1.00, and 1.50 mm

Composite framing camera image of
detonation corner turning in BNFF
micromushroom experiment. Original
images were recorded at 25 MHz (1/40
ns) with an exposure time of 10 ns.

Alex Tappan, 6



Micromushroom corner turning with different thicknesses

Dead zones are larger near failure thickness.

1

1
1
i

Near failure thickness. Well above failure thickness. I
Composite framing camera images of detonation corner turning in BNFF
micromushroom experiment. Original images were recorded at 25 MHz (1 /40 ns)
with an exposure time of 10 ns.
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BNFF arrested thickness

BNFF,
51 pm thick

BNFF,
86 pm thick

Initiation
1 structure

(behind Al
0 cage)



BNFF
arrested
thickness

Alex Tappan, 9



BNFF arrested thickness

Framing camera images of detonation failure in vapor-deposited BNFF (51 pm thick) arrested thickness
experiment. Images were recorded at 12 MHz (1/85 ns) with an exposure time of 10 ns.
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BNFF arrested thickness

Splitting of failing detonation wave appears to occur at a defect
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Static. Composite dynamic image.
Composite framing camera images of failing detonation wave bifurcating in a 51
pm thick BNFF film. Original images were recorded at 13 MHz (1/75 ns) with an
exposure time of 10 ns.



Radius-thickness scaling

Critical detonation thickness experiment
• mm wide, fused silica, tfailure = 66 ± 2 lam
o 1.6 mm wide, polycarbonate, tfailure = 55.6 ± 0.7 µrri

Arrested confinement experiment
o 4 mm wide, polycarbonate, detonation at 53 lam

Radius-thickness scaling applied to thickness
data suggests a failure diameter twice the
failure thickness

dfailure 111 lam
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Width effect seen in stem of
micromushroom test.
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Radius-thickness scaling in cylindrical
and slab geometries. Petel (2007).

Jackson, S.I. and Short, M., "Scaling of detonation velocity in cylinder and slab geometries for ideal, insensitive
and non-ideal explosives," Journal of Fluid Mechanics, Vol. 773, pp. 224 - 266, 2015.
Petel, O.E., Mack, D., Higgins, A.J., Turcotte, R., and Chan, S.K., "Minimum propagation diameter and thickness
of high explosives," Journal of Loss Prevention in the Process Industries, Vol. 20, pp. 578 - 583, 2007.



1 Conclusions I

Physical vapor deposition can be used to make thin samples for fundamental detonation research
o This allows large interfacial areas to be studied with optical diagnostics

Failure thickness of 1.6 mm-wide BNFF is 55.6 ± 0.7 fam
Possible effect of explosive width on failure thickness observed

Limited additional data suggest that it may be somewhat smaller at effectively infinite width conditions

Estimated failure diameter is 111 ium

Corner turning behavior of BNFF shows that there is a strong dependence on film thickness

Splitting of failing detonation likely starts at defects
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BNFF arrested confinement
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BNFF arrested
confinement
(with a defect)
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Frame:2
Delay: 34.885us
Exposure : lOns
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Frame:3
Delay:34.97Ous
Exposure : lOns
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Frame:4
Delay:35.055us
Exposure : lOns
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Frame:5
Delay:35.14Ous
Exposure : lOns
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Frame:6
Delay:35.225us
Exposure : lOns
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Frame:7
Delay:35.31Ous
Exposure : lOns
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Frame:8
Delay:35.395us
Exposure : lOns
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rame:9
Delay:35.480us
xposure : lOns



Frame:10
Delay:35.565us
Exposure : lOns
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Frame:11
Delay:35.65Ous
Exposure : lOns
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Frame:12
Delay:35.735us
Exposure : lOns
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Fra e:14
Delay:35.905us
Exposure : lOns
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Frame:15
Delay:35.990us
Exposure : lOns
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BNFF arrested thickness frames
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elay:34.970us
xposure 1Ons
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1 Delay:35,140us
Exposure lOns
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1 Delay:35.225us
Expos.ure : 1Ons
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1 Delay:35.3lOus
Exposure • lOns
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1 Delay:351480us
Exposure iOns
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1 Delay:35.565us
Exposure : .1Ons
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Delay:35.735us
Exposure lOns
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1 Delay:351905us
Exposure g 1Ons
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1 Delay:35.99Ous
Exposure lOns
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