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OUTLINE:
* Atomistic view of shock-wave propagation in matter.

We are modeling shoekave generation and propagation in single crystal materials
Fe, Au, Ta, W, and Al by means of different MD methodologies. Double layer
conformations FeAl, FeV are also being evaluated.

* Qutgoing projects:

AGeneration of ultra-hard materials under high pressure.

New nanostructured materials, like nanocrystaline Fe, Cu, Ni are being tested unde
high pressure conditions.

AApproach to model metallic foams.

We have developed a particular method
hoco target scenari o.
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- Shock wave propagation is the key process in the
Implosion of the fuel capsule and ignition :
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GaLy &hodk yeDetation:

w We use EAM and MEAM potentials to describe atom interactions.

w High Performance Computing at the atomistic scale with own and public
codes (LAMMPS).

- Momentum mirror method. Shock. Adiabatic NEMD:

System is launched towards a static mirror that reflects every particle .

In other words, the sample is slammed up against a specularly
NEbSOUAY3T gttt gAGK @St20Ad0ée | Lo |
in the other sense at velocity tip.

Kai Kadau et al., Science, 296, 1681 (2002).
Brad Lee Holian et al., Science 280 2085 (1998).

Material Layer
acting as mirror
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- Double Impact Shock:

mm) Two blocks of material are launched towards each other with

velocity Up. As a result a shockwave is propagated on each
sense at velocity Ugp.

SHOCK FRONTHIgh Compression
Zone & Relaxation

AWe are applying this method to EAM potentials for Ta and Be (under test) .

Aln depth comparison of bce and fcc materials. Full simulations with W, Au,
Ni, Cu and Fe .

‘ Playing with the PBC in the shock propagation direction we
are also studying shock wave instabilities & interferences.
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First results on shockwave generation and propagation on different

materials lattices (5-10 millions of atoms)
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Molecular visualization of one of our shocked sampjes of W (
1500m/s) after 7.2 ps of NEMD. Shock wave is propagating f
right to left. In the left part of the cube we observe the unshoc
material (bcc). The shock front leaves behind it a complex sc

where we can observéliCleation of th grains

(dark red colored) inside a compressed bcc lattice populated
dislocations and stacking faults.
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Validation of our methodology:

mmm) Shock Simulation by mirror method of single crystal bcc pure Fe Mendelev type #2 :
Aln order to validate our protocol and simulation set up, we have constructed
the Pressure-Volume Hugoniots for Fe, which is a material well characterized
and with a lot of data in the literature.
APiston speeds U, ranging from 100 m/s to 2000 m/s were sampled.
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First results on shockwave generation and propagation on W, and Ta:

|:> We have carried out shocks in Fe, W and Ta from low strengths Up=100
m/s up to high compression rates Up=2500 m/s.

——»> Above a critical shock strength, the material reacts nucleating many small close-
packed grains in the shock-compressed body-centered cubic crystal that grow on a
picosecond time scale to form larger, energetically favored grains.

HCP grains Zoom into a sample of W well behind the

Beow o #% shockfront after 5ps of MD and a shock strength
¢ Of U,= 1000 m/s. The atoms are colored

according to their centro-symmetry parameter:

red (packed hcp grains), green (uniaxially

Compressed

shocked bcc), and (dislocations).
o8 Cuestd opez, J.MrPerlado, Fusion Science and Technologyyin press
(2011).

¢ dislocations

o5 Cuestd opez,/ J.MrPerladoy Phys: Rev.BgUnder Review:(2011).

- :>The mstantaneous grain size of the transformed material in
the overdriven region but below the melting transition, is
much larger on average in the case of tungsten and tantalum

with respect to shocks of homologue strength in iron.

—> Adetailed characterization of the nucleation phenomena and the hcp grain size
distribution is in progress.
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|:> For higher shock strengths, a single overdriven wave is obtained. Above Up > 1500 m/s in

Fe and W (Up between 1500-2000 m/s for Ta) melting of the sample behind the shock
front is observed.
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Ta evolves to melting but still keep some grains
of hcp high packed structure and uniaxially
shocked bcc close to the shock front.
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- Pair correlation funcgj)for several shock pressures -Melted sample of Ta after 7ps of MD am_j a ShOCk_ Stﬁength
(piston velocities) in W, Ta and Fe. The structural correlation 2500 m/s. The atoms are colored according to their centro
was measured in the first 20nm shocked portion of each symmetry parameter: red (packed hcp grains), green (fcc gr
material sample, and always when the shock front has blue (uniaxially shocked bcc), and white (disordered phase)
traveled more than 60% of the full length of the sample.

(bottom) Zoom on a melted plane after 6ps of MD.
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IN SUMMARY:

W and Ta seem to behave more efficiently under shock propagatio
with better stability and uniformity than Fe. This kind of materials

must attract our attention in the short term as possible designs in IC
targets.
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Shocks in a double layer conformation:
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(top) Final state in a three layered niatéorahAl(fccyFe(becpbtained
after 6ps of propagation of a shock induced [001] wave. Shock pressure of
about 50 GPa. (bottom) structural analysis of a shock propagation (Vs = 500
m/s) in the same piece of material. Atoms are coloured according to a ) )
combination of structural analysis: coordinationneighimour and Colours show the propagation of thermal instah
centresymetry parameter calculation. Red atoms are organised in an induc&figinated by the border between bcc/fcc mater
HCP lattice. A population of dislocations where generated in the relaxed ZONBinal states at 2 and 4 ps in a three layered m:

of the shock (right from the Al layer). They have been identified and .
represented as yelgneen loops. Green atoms are uniaxially compressed Fe(bcepl(fccl-e(bce. Propagation of a shock

lattice-atorms- induced [001] wave of \/In— 1. 5Km/s
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Pressure transmission seems to be more efficient in double layered
samples, provided the grain boundary formed is of the type bcc/bcc.

Note the effect of blockade in the transmission generated when the shock
front reaches the interface between bcc/fcc materials.

u5.Cuestd_opez, J.M. Perlado, Fusion Science and Technology, In press (2010/2011).
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|:> A smart way of evaluating the effectiveness of the materials in propagating uniformly a shock front event,
istolookatthefi p e n et r at dftbesshodkevpve heaerated after a given time. This magnitude can be
obtained by looking at the kinetic energy evolution of atoms belonging to cut planes along the shock
propagation direction.
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—> The shock front propagates
highly irregular in single
crystal samples. Double
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Average local pressure (local) per atom (stress tensor) at different cuts in the shock
propagation direction. Three layered materiabKé&BE€)bcc). Propagation of a shock

‘Fe(bcepl(fccle(bcce).

X (A) - Shock propagation direction

induced [001] wave of Vp= 1.0Km/s
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X (A) - Shock propagation direction
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FeV MDjime = 2.5ps
FeV MDyjme = 5ps
FeV MDjjme = 7.5ps

FeAl MDyjme = 2.0ps Stress distribution and evolution of the GB:
FeAl MDyjme = 4.0ps

FeAl MDyjme = 6.0ps

Fe(bccAl(fccFe(bcce).

Total local

atomic force
25 3

’ Spatial shock
propagation

Fe(bceyY(bccFe(bceco).

Color scale showing local pressure (local) per atom (stress tensor), cordh@Sian. Re
blue-5.0e6 bars.
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