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EXPERIMENTAL INVESTIGATION OF ADIABATIC SHEAR BANDS
FORMATION IN TNT EXPLOSIVES UNDER [MPACT

X.P. Han
Dept.of Engineering Mechanics, Northwestern Polytechanical University
Xi’an, Shaanxi 719072, P.R.C,
T.0.Zhang and Z H.Zhao
Xi’an Modern Chemistry Research Institute
Xi’an, Shaanxi 710061, P,R,C

Absiract—MNicrostruciure of INT explosives column deformed under impact
was observed with optical and scanning electron microscopy, The original
TINT grains have the shape of coarse sirip. Under impact it can be found
the formation of adiabatic shear bands (ASB) in TNT samples, ASB is ch-
aracterized by a river shape area, in which crystals were severely drawn
out and experienced an instanlaneously high temperature Adiabatic shear
is starting from the high concentration of strain in some area and the
severe twist of crystals, and go up to the appearence of ASB, The emer-
gence of ASB strongly depends on strain and strain rate. The forsation
of ASB is much easier in TNT explosives than in metals,

t. INTRODUCTION

Trinitrototuens (INT) used in both wmititary and vcivilian applications are
vuinerable to impact of fragments and projectiles or any other dynamic loading
that could lead to ignition and premsture, The safety and vulnerability of the
uaterial were investigated by many researchers, it is generally accepled that the
conditions for initiation to occur in crystallines explosives is thermal in ori-
gin, Before the wmechanical emergy is converted into heat it must be localized
within the explosives, The localized regions are called hot spots, Earlier inve-
stigaters have proposed several hot spot initiation models, these include gas
compression in the cavily (or microporosity), hydrodynamic cavily collapse, fri-
ction between adjacent grains and viscoplastic cavity coliapse, Bowden & Yoffe
(1] demonstrated that under some conditions gas compression in pores could cause
ignition. They thought that when & small volume of gas is compressed rapidly, a
high temperature reserveir (hot spot) of gas can be created which may subsequen-
tly heat the adjacent explosive surface to the poinl of eautoignition, In the
hydrodynamic model developed by Mader (2}, it has been suggesied that when a
shock wave arrives, it accelerates the upsiream surface of a cavily forward, which
hits the downsiream side of the cavity, preducing a high impact pressure that is
amplified by convergence effects during the collapse process, In this mechanism,
the heating is produced by compression of the solid phase malerial, Frictional
heating in narrow regions of high shear dus to material viscosity is snother pr-
obeble source of hot spots {3]). Cavily collapse processes have besn modeled by
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Frey [4), using Carroll and Holt’s viscoplastic hollow- sphere pore collapse
concept {5) and studing shock initiation problem in high density explosives.Frey
applied this kind of model to investigate the effects of pressurization rate,
cavity size, and material parameters on hot spot formation, and cencluded that
the viscous heating is the most efficient mechanism and is dominant when the
rise time of pressure is short, viscosity is high and yield stress is low,

Although there is general agreement that initiation is due to such hot spots
there still has been much controversy about the mechanism by which the hot spots
form, In most of experimental investigalion aboul the hol spots forming under
impact, the smaller samples, such as single crystals, pellets or small disc, have
been used, This paper describes a study of initiation under impact and provides
photographic evidence for the formation of initiation siltes, A triaxial compres-
sive apparatus has been used 1o simulate the loading conditions encounlered by
explosives during artillery launch, Microstructure of TNT explosives column def-
ormed under impact was observed with optical and scanning electron microscopy
(SEM), Adiabatic shear bands (ASB) were observed in samples and the crystals in
ASB were severely twisted. Strain rate and plastic deformation are chief faclors
forming ASB. Under high strain rate and larger deformaton, it is much easier to
form ASB in INT than in metals,

2. EXPERIMENTAL

Experiments have been carried out using an equipment of triaxial compression
illustrated in Fig.l. The samples are in the form of cylinder of lengths 3§.2 nm
and diameters close to 19.1mm. The density of the cylinder samples is 1.616g./ ca®
for TNT explosives on an average.Strain rate of up to ahout 4s~' can be obtained
for explosive samples of the size used in this work., The impacted samples have
been examined under an optical microscope and SEM, ‘

=S 1.MTS Load Platfora

2.MT3 Console

3. Envirunment Room

4. Temperature Controller
5.Dynamic Strain Instrument
6.Bigital Oscilloscope

7.Computer
8. Display

Fig.1 Schematic diagram of the experiment set-up

The cylindrical and vertical sections were respectively removed from various
locations on samples for microscopic investigation, The samples sectioned were
coarse sanded on one side using 80 grit sandpaper followed by 150 grit sandpaper,
The flats were again fine sanded in final preparation for polishing using 150
and 320 grit sandpaper. No fluids were used in sanding process so as lo minimize
the probability of contamination.
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After sanding, the samples were hand polished using a woel polishing cloth
saturated with distilled water. The samples being,potished were rinsed with dis-
tilled water, and dried with compressed Freon,

The samples can be chemically etched after polishing to enhance the grain
boundries, A number of solvents and mixtures of solvenis were evaluated, It app-
eared that ecetone/water wmixture (1:1.5) gave good results, Etching of TNT
grains with acetone has been found to be rapid, and henre had to be carefully
contsolled, The time siched was taken as 4—¢ seconds, Dissolution was quenched
after 4—6 seconds by immediate immersion in distilled water, The samples were
rinsed with distiiled water, and dried with compressed Freon, Acetone/water
mixture in a 1s{ ratio was also tried and etching has beea done in 2— 4 seconds,

Samptles for SEN were prepared by sputtering a conductive coating of gold or
gold/palladium oato the surface. The sputter coating for this work was dene in
a denton vacuus, A gold /palladium coating was applied at an argon pressure of
75 mtorr, and & carrent of 15 mA for 2 minutes. These sputter conditions provide
a conductive film thickness of about 500 angsiroms. A film of this thickness has
been feund to be the minimum thickness suitable for SEM work en an explosive
sample,

3. RESULTS AND DISCUSSION

Examination of sections of TNT explosive column subjected to impacts reveats
several phenomena which appear to be important to the initiation process, The
formation of ASB have been found in impacted samples with optical micrescopic
and SEN,

Photographs of the original crystals obtained from TNT samples are given in
figures 2 and 3,They show that the typical TNT crystals have the shape of coarse
strip without toading. At quasi static loading and at room temperature, the
crystals in TINT column ruptured crisply, evea breaked 1o pieces, as shown in
figures ¢ and §,

Extruding between crystals, strain concentrations and severe twist for
crystals at local regions can be observed in exptosive column under impact, as

Fig.? Original crystal patiera Fig.3 Original crystal pattern
in INT column in INT column (local region)
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Fig 4 Brlttle rupturo or crush Fig.5 Brittle rupture or crus
of crystals . of crystals

Fig. Tvist of crystnls

Fig.8 Adiabatic shear Flg.9 Adlabatic shear bands
in TNT coluan in INT cotumn

iltustrated in figures 6 and 7, Figure 8 shows when the deformation is quite
large under impact,crystals were severely drawn out at local regions and a river
shape region—shear bands were formed.The crystal tissues in bands were severely
drawn out along the band, but the deformation of crystals outside the band is
far less, At some regions the intersection by several bands can be seen (Fig.9).
From Fig.9 it can also be seen the characteristic of developing from ths severe
twist of crystals through the forming of bands, such as partial crystals within
bands have been obviously drawn out and partial grain boundaries teft in bands
can still be found,

Photographic evidence from TNT explosive column presented in Fig.2 to 9 have
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Fig.il Original crystal p‘tlern

Fig. 10 Orlgin;l crysta bntt
in INT coluan in TNT columa (local region)
Clea=100pm) Clem=20pm)

Fig,12 Twist of crystals Fig, 13 Brittle rupture of‘crystals
(leu=200um) (lem=20 pw)

clearly demonstrated that its dominant plastic deformation is after the form of
the evolution of shear bands under impact, When the plastic deformation is large
enough, the heat transformed from plastic work teads to the change of crystat
tissues, Adiabatic shear is starting from the high concentration of straia and
the severs twist of crystals in some area, and go up to the appearence of ASB:

The critical condition for emergence of ASB at certain temperature depends
on simultaneously strain and straln rate, At quasi static rate even if there was
larger ptastic deformation in samples adiabatic shear did not emerge. At high
rate, If plastic deformation is less, we have not observed ASB,

ASB is characterized by a river shape region in which crystal tissues are
different from those out of baands. The above photographs give a clear idea that
the stream shape erea sxperienced an instantaneously high trsperature, then by
shear stress thermal softening grains were forced to flow at high speed and
finally it resulted in grains in a band being severely drawn out,

The time experienced for loading is very short under impact so the case is
nearly adiabatic, Based on energy equilibrium principle for adiabatic deforming
process, temperature increasing is calculated {rom the following formulas, i.e.

dT= —E— cde >
pC
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where B, p,C are respectively mechanical equivalenl of heat, mass density and
specific heat, When strain rate is high enough, a very high vslue of B can be
obtained, As larger plastic deformation takes place in samples, the larger plas-
tic work was produced, and it could lead Lo substanlial lemperalure rising.

For TNT explosive column, p =1.616 g.cm™%, C=1,29Xx14* J.Kg='. K~ [6], the
product of p and C is much less than that for metals, From this point it can be
thought that at high rate and large deformation the formation of ASB is much
easier in INT explosives than in metals Moreover, the less heat conduction coeff-
icient K is, the easier is the formation of ASB in samples,The value of K for TNT
is very Llittle (K=0.262W.n ' K~' [6]), comparing with metal, We combine equation
(1) to form the following idea; a INT explosive column under dynamic loading may
experience thermo-mechanical instability if sufficient heat is generated at loc-
alized regions during deformation. This heatl diffuses very stowly corresponding
to loading rate and tends to wmelt the grains in the localized regions, As this
process continues, these regions, which are warmer and softer than neighboring
material, can absorb greater amounts of strain, causing unstable flow of material
and localized thermal softening in explosives and finally ASB may occur,

The optical microscopic examinations were shown In figures 10 to 13, Figures
10 and 1] give a typical original crysial pattern of TNT column, From figures 12
and 13,it can be seen the crystal tissues patiern of extruding between crystals,
twisting and rupturing of grains,

4. CONCLUDING REMARKS

1. Examination of TNT explosive column with optical microscope and SEM shows
that original TNT grains have the shape of coarse strip,

2.Under impact it can be found the formatjon of adiabatic shear bands in TNT
samples, ASB is characterized by a river shape region, in which crystals were
severely drawn out and experienced an instantaneously high temperature,

3. The dominant plastic deformation for TNT exptosive column is after the
form of the evolutlion of shear bands wunder impact. Adiabatic shear is starting
from the high concentration of strain in some area and the severe twist of crys-
tals, and go up to the appearence of ASB,

4. The emergence of ASB at certain temperature depends greatly on strain and
strain rate,

5. Under impact the deforming process of TNT explosive column is nearly
adiabatic,so from energy equilibrium equation, dT=¢(p / pC)ode, a substantial
temperature rising can be calculated from ptastic work,

6. The formation of ASB Is much sasier in TNT explosives than in metals,
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