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The incorporation of Al particles into explosive formulations has been a subject of ongoing in-
terest because the Al particles can increase the energy content of explosives and tailor the energy re-
lease rate. The initial thermal response of micro/nano- spherical Al particles embedded in energetic
materials excited by single-pulse laser is investigated by several models, which is crucial for under-
standing and controlling the thermal ignition mechanism of energetic materials. The thermal relaxa-
tion dynamics of electron and lattice in Al particle excited by short pulse (ps) laser are described by
the two-temperature model. The characteristics of thermal diffusion of micro/nano-Al particle to the
particle environment are analyzed using Fourier law for the long pulse (ns) laser. The influences of
laser energy and pulse duration on the thermal response are also examined. The results show that,
the thermal diffusion is very important for nano-Al particle during the pulse passage. It can cause
the rise of temperature of surrounding energetic materials and thus form the “hot spot” with high
temperature and large scale. That can shorten the time of ignition and enlarge the region of ignition.
The laser energy and pulse duration are determined to effectively regulate the temperature and size
of “hot spot” caused by the nano-Al particles, and the concrete relationships among them are ob-
tained. These results are expected to be a useful indication for adjusting laser ignition (initiation)
properties of aluminized explosives by selecting suitable parameters such as particle size, laser
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pulse duration or laser energy in experiment and practical application.
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1. Introduction

Aluminized explosives, incorporating the micro- or
nano-scale Al particles into the substrate matrices, are ap-
plied widely as underwater ordnance and air weapons due
to their numerous outstanding properties such as high ener-
gy release rate and chemical reaction rate "', In order to
develop more safe and efficient energetic materials, it is
essential to understand the formation mechanisms of “hot
spot” caused by the embedded micro/nano-Al particle .
Especially, to understand thermal reaction dynamics of
energetic materials for laser ignition (initiation), the initial
thermal dynamic response (i.e. the formation of “hot spot™)
of micro/nano-Al particle to pulse laser is the base.

At present, the more researches focus on the perfor-
mances of chemical reaction and energy release of mi-
cro/nano-Al particle in aluminized explosives to reveal the
role of additive and the advantage of energetic composites
(719 However, the initial thermal dynamic response has not
been clarified for the micro/nano-Al particle. The influ-
ences of Al particles on the thermal decomposition of or-
ganic explosives have still not been thoroughly understood
" Recently, Yang et al find experimentally that Al nano-
particle causes chemical decomposition of the surrounding
oxidizer under pulsed laser heating!''l That means “hot
spot” is formed due to laser energy absorption by the Al
particle. Then the initial thermal response properties of Al
particle or the temporal-spatial distribution of temperature
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caused by it will be an important factor before determining
thermal reaction mechanisms.

In this study, different models are applied to investi-
gate the thermal dynamic response of micro/nano-Al par-
ticles to ps and ns single pulse laser for analyzing the ef-
fect of laser ignition. Thermal diffusion at the interface
between particle and surrounding medium, and Gaussian
temporal-spatial distribution of laser intensity are taken
into account in the models according to the laser pulse du-
ration and the size of system. The generation of hot elec-
tron gas, and the electron-phonon coupling are described
by the two-temperature model. The thermal transfer into
the particle environment and heat propagation in the host
medium are modeled by the Fourier law. The thermal re-
laxation dynamics of the electron and lattice in Al particle,
as well as the temporal-spatial temperature of the compo-
site medium, are determined. The effects of laser energy
and pulse duration on the thermal response are also dis-
cussed. The concrete relationships of temperature and size
of “hot spot” with the laser energy and pulse duration are
obtained.

2. Computational model

Pulsed laser heating the metallic particle involves usu-
ally three stages. Free electrons absorb firstly laser energy
to attain rapidly high temperatures due to the small heat
capacity, and then transfer thermal energy to the material
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lattice due to the electron-phonon scattering. Finally, the
thermal energy is transferred into the host medium ">,

In order to clarify the mechanisms of thermal response
of additives in energetic materials to the pulsed laser, the
energetic system with low particle concentrations is usually
applied. Previous time-resolved spectroscopy experiments
also show the response of nanoparticle to the laser heating
is not affected by the other nearby particles when the mass
fraction of Al particle is about 3%!""'*} Therefore, the
thermal dynamic calculations take the model of an isolated
spherical particle embedded in a nitrocellulose (NC) sphere
as shown in Fig. 1. Nd:YLF pulsed laser (A=1.053tm) with
a beam radius of 53Km is chosen according to the previous
experiment!'!! to heat the system. The laser energy is ab-
sorbed only by Al particle because the selective wavelength
is almost transparent to NC. As we known, the concrete
physical model of laser-particle interactions is different for
each case, depending on the laser pulse duration and the
characteristic time and size of particle [1s.16]

Fig. 1 Geometric model used in calculations

2.1 Short-pulse excitation of nano-Al particle

The radius of nano-Al particle Ry=30nm, and the radius
of NC sphere R=250nm. Short-pulse widths are 10ps and
20ps, respectively. To analyze the thermal response of Al
nanoparticle, the most important thing is whether the ther-
mal diffusion and chemical reaction occur in the environ-
mental medium. Pustovalov !'”) shows that the heat ex-
change time, the characteristic time for heat exchange be-
tween a single spherical particle and surrounding medium
and the formation of quasi-stationary distribution of tem-
perature in the medium, can be evaluated as tT:R02/4Dm,
here Ry, Dy, is the radius of spherical particle and thermal
diffusivity of surrounding medium, respectively. Therefore,
the heat transfer from Al nanoparticle to surrounding NC
can be ignored for the ps regime during the laser heating.

The relaxation time of electron for Al at room tempera-
ture is 0.008ps '*, which is much shorter than the pulse
duration. The hyperbolic transport effect on the electron
temperature is unimportant "*. Then the instantaneous in-
ternal energy redistribution within the electron gas, and the
electron energy transferred to the particle lattice can be
described by the two-temperature model '***). The heat
transfer is described by one dimensional equation due to
the spherical symmetry.

ce(n)%?w;—mw(r) (1)
60 G, -1, @)
C(T)=1T, 3)

p(t) — ae—b(l—fn)z (4)

where T, T is respectively the temperature of electron and
lattice, G is the electron-phonon coupling constant, C¢(7%)
is the temperature-dependent electron heat capacity, y is a
constant, C; is the lattice heat capacity, p(f) denotes the
instantaneous power density absorbed by particle, here a
and b are the parameters dependent on the laser and system
regime *'*?), and 1, is a time parameter used to determine
the moment approaching the peak absorption intensity. The
temperature of electron is assumed to be constant through
the nanoparticle because the heat transfer between electron
and electron is very fast (femtosecond order). The initial
conditions are as follows:

T,

=7, =T, 5)

=0 =0

2.2 Long-pulse excitation of nano-Al particle

The long-pulse duration takes 10ns. For the nanosecond
single-pulse laser, the heat exchange between electron and
lattice is completed during the pulse passage, that is, the
temperatures of electron and lattice are equal at any time
(5] Here, the pulse duration is larger than the heat ex-
change time (~1ns) of particle-medium. The heat transfer
from Al nanoparticle to surrounding NC cannot be ignored.
So the Fourier law is used to describe the temperature dis-
tribution of Al nanoparticle and surrounding NC.

OT,,(r,1) O°T,(r,t) S, 0T, (r,t) (6)
PauCa =k, 3 +—k,— + p(t)
ot or Vv or |,
oT,(r,t) . O°T, (r1) (7
ot "ot

Here, pa, ca; is the density and specific heat capacity of Al;
Ty, Ky is the temperature and thermal conductivity of NC,
respectively. The second item on the right side in eq. (6)
denotes transferred heat from Al sphere surface into sur-
rounding NC. The S, V is the surface area and volume of Al
sphere, respectively. Eq. (7) describes the temporal-spatial
distribution of temperature in NC. An important character-
istic of laser heating solid metallic nanoparticle is that the
heated particle may reach directly the vaporization temper-
ature without melting"'”). So the latent heat of fusion of Al
is not considered. The chemical reaction of materials is
excluded in order to clarify the initial thermal response
properties. The initial and boundary conditions are
Ty(r.0)=T,(r.0) =T,
0T, (r,t)

r=0 = O
or
k/il aTAl(r’t) r=R, :km aT;“(r’t) r=R, (8)
or or

TA](Ront) =Tm(R0,t)
Tm(}",t)‘}:Rl:]:)

2.3 Micro-Al particle excited by pulsed laser



When the size of Al particle is of micrometer order and
it is comparable to the laser beam radius, the spatial distri-
bution of laser intensity cannot be ignored. The physical
equations are

oT (r,t) O’T(r,t) S, OT,(r,t) 9
PaiCa o =k, Py + v k, or LRO + p(r,t) ®)
or,(r,0) _ . 9T, (r1) (10)
ot "ot

The absorbed instantaneous power density including of
Gaussian spatial distribution is

p(r,t)= qe ) g2 (11)
Eq. (9) shows both the thermal diffusion and optical ab-
sorption are taken into account in the heat transfer. The
initial and boundary conditions are the same as those listed
in the section 2.2. The finite difference method is used to
solve the differential equations.

3. Results and discussions

The pulse energy in the above three models is chosen
respectively as 1pJ, 50uJ, and 10J in order to obtain the
adequate temperature. The parameters used in the calcula-
tions are listed in Table 1 and Table 2. The initial tempera-
ture 7,=300K, and the time parameter t0=4/3tp[13 21 f, is the
pulse duration of laser. The computing time goes 0-3#, for
the ps regime and 0-2¢, for the ns regimes,

Table 1 Values of parameters of Al and NC used in the calcula-

tions %

pal car kal a i e A D
(kjg/ J/ w/ (kg (J/rgf'K J/kg gw/m (wm  (ms
m) kg m K) ) K) ‘K  K) )

K) K
2700 90 23 2.4x1  91.2 4.1x1  23x1 0.229 1.78

37 0 0 0 s

x10°

Table 2 Parameters of instantaneous power density absorbed by
Al particle. The a and b are the coefficients of p(t),
which are dependent on the laser and system; ¢, is the
moment of approaching peak power density.

Pulse a b ty
duration (W) (1/5%) )
10ps 2.882x10"  2.773x10%  1.333x10™""
20ps 1.441x10"  6.931x10*"  2.667x10""
10ns 2.157x10"”  2.773x10'°  1.333x10

3.1 Thermal relaxation effect of nano-Al particle to
short-pulse laser

Figure 2 shows the time profiles of electron temperature
and instantaneous power density absorbed by Al nanoparti-
cle excited by 10ps pulsed laser. The dotted line denotes
the power density. The solid line represents the electron
temperature in Al nanoparticle. From the Fig. 2, the tem-
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poral evolution of the electron temperature can be obvious-
ly divided into two time periods: the electron heating time
and the electron cooling time. When the pulse laser irradi-
ates onto the composite, the electrons absorb laser energy
and theirs temperature rise gradually. The maximum tem-
perature of electrons is reached with a delay of 10ps after
the peak power density. The electron heating time lasted
about 20ps. Then, the electrons are cooled due to transfer-
ring heat to the lattice, resulting in a decay of the electron
temperature. The electron cooling time is about 10ps. after
that, the electron temperature reaches thermal equilibrium
with the lattice temperature. Here, the temperature response
of

30| Power density absorbed by Al nanoparticle
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Fig. 2 Temperature dynamics of electron (solid) in Al nano-
particle (30nm radius) and laser power density (dashed) ab-
sorbed by Al nanoparticle vs time under the excitation of
10ps pulsed laser with energy E=1pJ.

electrons is not very sharp due to the high electron-lattice
coupling constant . The evolution of lattice temperature
is displayed in Fig. 3. Comparing with the electron temper-
ature, the lattice temperature always rises via coupling heat
from electrons. The temperature of electrons exceeds that
of lattice before equilibrium. The lattice thermalization
time, the time for electrons and lattice to reach thermal
equilibrium, is about 30ps. The thermal response experi-
ences of electrons and lattices are identified as the Al target
ablated by fs laser!">*").
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Fig. 3 Lattice temperature dynamics of Al nanoparticle (30nm
radius) excited by 10ps pulsed laser with energy E=1pJ.
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Figure 4 presents the evolutions of the electron and
lattice temperatures in a nano-Al particle (Ry=30nm) excit-
ed by 20ps pulsed laser. When the pulse duration becomes
long, the peak power density absorbed by the Al nanoparti-
cle decreases according to the parameter a in Table 2. So
the maximum temperature of electrons and the equilibrium
temperature of electrons and lattice become low compared
to that for 10ps regime. Also, the electron heating time
(about 40ps) and electron cooling time (about 20ps) be-
come long. The equilibrium of temperature between elec-
trons and lattice takes up to about 60ps. So the long pulse
duration increases the lattice thermalization time and slows
down the process of thermal response.
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Fig. 4 The dynamics of electron and lattice temperatures in Al
nanoparticle of radius Ry=30nm heated by 20ps pulsed laser with
energy E=1pJ.

Figure 5 indicates the influences of laser energy on the
thermal dynamic properties of electrons and lattice. As the
increase of laser energy, the peak power density absorbed
by nanoparticle also is increased. So the temperatures of
electrons and lattice increase, the electron heating time and
electron cooling time slightly become long, and the lattice
thermalization time correspondingly increases. This is ac-
cordant with that the higher laser power gives slower decay
of electron temperature 3%,

5000
4000
& 3000
2000

1000

Fig. 5 Thermal dynamic response of electrons and lattice in Al
nanoparticle of radius Ry=30nm excited by 10ps pulsed laser with

different energy.

3.2 Thermal response of Al nanoparticle under long-
pulse laser excitation

The time evolution of temperature in Al nanoparticle
and surrounding NC predicted by Fourier law is shown in
Fig. 6 for the 10ns pulse irradiation. The dash-dotted line in
that figure denotes the instantaneous power density ab-
sorbed by Al nanoparticle. The solid curve shows the tem-
perature of Al nanoparticle arises descending after reaching
the maximum due to transferring heat to the surrounding
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Fig. 6 The instantaneous temperature at different spatial positions
and the laser power density absorbed by Al nanoparticle when
excited by 10ns pulse laser with energy E=50pJ.

NC. The temperature at the position near the heating center
in NC (dashed line) exhibits the same change trend with the
temperature of Al nanoparticle, while that at the farther
spot (dotted line) gradually increase before the end of pulse.
Fig. 7 shows the spatial temperature distribution of compo-
site medium at different time. The time values are selected

700 |-
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Fig. 7 The spatial temperature distribution of Al nanoparticle and
NC under the excitation of 10ns pulsed laser with E=50pJ at the
end of pulse (=2¢,).



as that before, near, and after the peak power density re-
spectively so as to display comprehensively the characteris-
tics of temperature distribution during the pulse duration.
As can be seen, before reaching the maximum power densi-
ty(10-15ns), the temperature of Al nanoparticle increases
rapidly due to the increase of absorbed laser energy. While
after the peak power density (15-25ns), the increase in
temperature reduces because that the absorbed power den-
sity decreases gradually during that time. The main feature
for ns pulse heating is the heat diffusion from the nanopar-
ticle surface to the surrounding NC medium. The tempera-
ture through the Al nanoparticle (flat part) is almost equal
because of its large thermal conductivity, while the declin-
ing part represents the temperature of NC due to transfer-
ring heat from Al particle. The length of thermal diffusion
(200nm) is larger than that of the nanoparticle (30nm radi-
us). This program has also been applied as a part to calcu-
late the chemical reaction diameters caused by Al nanopar-
ticle excited by ns pulse laser in other literature *'!, and the
validity has been proven by the relevant experiment data.

Fig. 8 presents the 3-D temperature features in the
nano-composite medium as the functions of laser energy
and the distance from nanoparticle center to analyze the
influences of pulse energy on the thermal response. It can
be seen that the increase of laser energy will increase the
temperature of the composite medium and expand the heat-
ed region of surrounding NC. In order to obtain further the
relationship among them, the spatial temperature caused by
different laser energy is shown in Fig. 9. Here, the tempera-
ture of “hot spot” Ty, is represented by the maximum tem-
perature. The size of “hot spot” 7, is defined as the radius of
area with the temperature beyond the ignition temperature
T,, which is because that only the “hot spot” triggering
chemical reaction can possibly realize ignition.

3000 ..
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100
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Fig. 8 The 3-D temperature distribution of medium as the func-
tions of laser energy and the distance from nanoparticle center at
the end of 10ps pulse (=21).

Then for the NC with constant ignition temperature
(T,=440K), the temperature and size of the “hot spot”
caused by Al nanoparticle increase with the increasing laser
energy. That is, more NC can reach the ignition threshold
and more energy can be released at the same time. Accord-
ingly, the increase of laser energy will enhance the ignition
velocity and reduce the ignition time. Figs.10(a) and 10(b)
show the influences of laser energy on the temperature and
size of “hot spot” caused by Al nanoparticle with radius of

91

1000

900}

800 - A

t=10ns
p

—— F=40)
\ - -~ F=50p)
v E=60u
=
- F=80p)

100
r(nm)

Fig. 9 Spatial temperature distribution of composite medium ex-
cited by different laser energy at =2¢,. The Ty, r, represents re-
spectively the temperature and size of “hot spot”, and T}, is the
ignition temperature of NC.
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Fig. 10 Influences of laser energy on the temperature (a)
and size (b) of “hot spot” caused by Al nanoparticle with
radius of 30nm. The symbols are the calculated data from
Fig. 9, and the lines are the fitting to those data.
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30nm, respectively. The symbols represent the calculated
data, and the lines represent the fitting to those data. The
fitting equation to the E-T}, is expressed as

T,=a(t,)+b(t)E , (12)

and the pulse duration-dependent parameters are given
by fitting the obtained parameters as

a,(t,)=296.3+0.219¢,
b (1,)=7.94-0.06t,

The fitting equation to the E-ry, is shown as followed
r=ay(t,)+by(t,)e (14)

With the pulse duration-dependent parameters are given by
fitting as

(13)

a,(1,)=142.8+2.78t,
by(t,)=—171.8+3.45t, . (15)
c)(t,)=63.8-0.531,

As can be seen, a linear increase relationship exists be-
tween the temperature of “hot spot” and the increasing la-
ser energy, and the slope linearly decreases as the increase
of pulse duration (see (13)). The size of “hot spot” satisfies
exponential growth for the increasing energy. The coeffi-
cients are all pulse duration-dependent.

Fig.11 presents the 3-D temperature features in compo-
site medium in the effects of pulse duration and the dis-
tance from nanoparticle center. It shows the short-pulse
duration will increase the maximum temperature of medi-
um. That is because the decrease of pulse duration increas-
es the peak power density absorbed by nanoparticle accord-
ing to the parameter « in p(t) as shown in Table 2, and con-
sequently raises the equilibrium temperature at the end of
the pulse. We know that the released heat from chemical
reaction increases with the increase of temperature accord-
ing to the Arrhenius law (Q~e(-Ea/RT)). So the formation
of “hot spot” with high temperature can easily lead to ignite
due to releasing more energy.

tp(ns)

Fig. 11 The 3-D temperature distribution of medium as the func-
tions of pulse duration and the distance from nanoparticle center
at the end of pulse (+=2¢,) with energy of 50uJ.

To explore the effects of pulse duration on the tempera-
ture and size of “hot spot”, the spatial temperature distribu
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Fig. 12 Spatial temperature distribution at of composite me-
dium including Al nanoparticles (radius of 30nm) affected
by laser pulse duration at =2¢,.
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Fig. 13 Temperature (a) and size (b) of “hot spot” against

the pulse duration. The symbols represent the calculated
data from Fig. 12. The Lines are the fitting to those data.



tion caused by 30nm Al nanoparticle excited by different
pulse duration is shown in Fig. 12. Obviously, the tempera-
ture of “hot spot” decreases gradually and the size of “hot
spot” increases first and then decreases against the pulse
duration. The specific change relationship can be obtained
by fitting the calculated data (symbols) as shown in Figs.
13(a) and 13(b). The fitting equation to the Ty-f, is written
as

T, = a,(E)e™™ ™ + ¢ (E), (16)
Where, the laser energy-dependent parameters are fitted as:

a,(E)=-3.73+7.16E
b,(E)=36.6—024E . (17)
¢;(E)=294.7+3.00E

The fitting equation to the ry-#, is written as
r,=a,(E)+b,(E)t,+c,(E)X, (18)

Where, the energy-dependent parameters satisfy the fol-
lowing fitting equations:

a,(E)=53.35+0.68E
b,(E)=1.22+0.02E . (19)

¢,(E)=-0.04+232x10"*E

The fitting results show that the decay of temperature of
“hot spot” with the increase of pulse duration can be ap-
proximately fitted by an exponential function, while a
quadratic-polynomial fit provides a good approximation to
the relationship between the size of “hot spot” and pulse
duration. The 7, thus reaches a maximum value when the
pulse duration and laser energy approximately meet the
following equation

tp:i(61+E). (20)

That means, for the high-energy laser, the long pulse dura-
tion should be chosen to get the maximum size of “hot
spot”. However, it is worth noting that these fitting formu-
las are valid only for a range of energy and pulse duration.
For example, the parameter b1 in equation (12) should be
positive to insure that the slope is positive. The pulse dura-
tion f, thus should be smaller than ~130ns according to
equation (13).

Figs. 14 (a) and 14(b) show the influences of laser en-
ergy together with pulse duration on the temperature and
size of “hot spot”, respectively. It can be seen that the tem-
perature of “hot spot” will increase monotonically with the
increase of laser energy and (or) the decrease of pulse dura-
tion. However, the size of “hot spot” will appear a maxi-
mum value in the regulation of energy and pulse width.
The calculation results predict the concrete relationship
among the temperature and size of “hot spot”, laser energy,
and pulse duration. That is expected to be a useful indica-
tion for adjusting the properties of laser igniting nanoener-
getic materials by selecting suitable laser energy and pulse
duration in practical application.
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Fig. 14 Variations of temperature (a) and size (b) of “hot spot”
affected by laser energy together with pulse duration at the end of
the laser pulse (1=2¢).

3.3 Temporal-spatial temperature properties of micro-
Al particle under pulsed laser excitation

The calculation is given for micro Al particle with radi-
us of 10um. The energy of laser is 10J. The radius of NC
sphere R1 is selected as 70um to adapt memory of comput-
er. Fig. 15 is the topography of Gaussian temporal-spatial
distribution of instantaneous power density absorbed by
micro-Al particle excited by 10ns pulse. The temporal

R

30

10

riprn) t{ns)

Fig. 15 The Gaussian temporal-spatial distribution of instantane-
ous power density absorbed by the Al micro-particle excited by
10ns pulsed laser with energy of 10J.
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temperatures at different positions in the composite medi-
um are shown in Fig. 16. We can see that the temperatures
in the interior of Al particle are not equal (solid and dashed
lines) due to incorporating the Gaussian spatial distribution
of pulse intensity. Only the temperature of NC medium
very close to the Al particle gradually increases. The spatial
variation of temperature in the composite medium is indi-
cated in the Fig. 17. The inset represents an enlargement of
the part marked by the circle to observe clearly the scale of
thermal diffusion. Obviously, the length of thermal diffu-
sion for the particle with radius of 10pm is about 0.3um. It

312 | /‘:Oum
----r=10pm 7 ____
310 - r=10.05ym  /
- r=10.1um
308
g L
— 306
304
302 )
300 A
0 5 10 15 20 25
t (ns)

Fig. 16 Temporal temperatures at different spatial positions in the
composite medium excited by 10ns pulsed laser with energy of
10J.
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Fig. 17 The spatial temperature distribution of Al nanoparticle
and NC under the excitation of 10ns pulsed laser with energy of
10J at the end of pulse (+=2¢;). The inset shows an enlarged part
marked by circle to observe the length of thermal diffusion.

shows the size of thermal diffusion is very small compared
to the size of the micro-Al particle. So the thermal diffu-
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sion might be ignored during the pulse duration in the
thermal analysis of micro-scale particle. This is identified
as the previous estimation of thermal diffusion properties
between particle and environment . That means the
thermal response of micro-particle is not sensitive to the
pulsed laser compared to that of the nanoparticle. In this
case, the temperature of forming “hot spot” is low and its
size is small even for the same maximum temperature with
nanoparticle. Therefore, the ignition is not prone to occur.
The Figs. 18 (a) and 18(b) give the influences of pulse en-
ergy and pulse duration on the temperatures of composite

medium. It can be seen that altering the pulse energy or

EW)

20

G0
)

tping)

Fig. 18 The temperature distribution of medium heated byl0ns
pulsed laser with different energy (a) and that heated by 10J
pulsed laser with different pulse duration (b) at the end of pulse
(=2tp).

pulse duration will not effectively increase the heat diffu-
sion into the surrounding NC to cause the chemical reac-
tion for the micro-regime. Therefore, reducing Al particle
size from micro- to nano-meter will greatly improve the
ignition (initiation) sensitivity of energetic materials.

4. Conclusions

The heating kinetics of micro/nano-scale Al particle
embedded in the energetic materials under the excitation of
ps and ns single-pulse laser is investigated by different
models. The nonequilibrium relaxation dynamics is ana-
lyzed by the two-temperature model for the nano-Al parti-
cle excited by ps laser pulse. Reducing pulse duration can
shorten effectively the coupling time between electrons and



lattice, while increasing pulse energy can slow down the
coupling process. The Fourier law, including the thermal
diffusion at the interface between Al particle and surround-
ing NC, and the absorbed instantaneous power density by
Al particle, is employed to explore the thermal response to
ns pulse. The temporal-spatial distribution of temperature
shows that the thermal diffusion into the energetic materi-
als is very important for the nano-particle. The incorpo-
rated nano-scale Al particle can help energetic materials to
form the “hot spot” with high temperature and large scale
and the nanoenergetic materials is more sensitive to laser
ignition or initiation. The pulse duration and laser energy
can regulate effectively the temperature and size of “hot
spot” formed by nanoparticle. The temperature of “hot
spot” could be linearly increased by increasing laser energy,
and be exponentially reduced by increasing pulse duration.
The size of “hot spot” exhibits exponential growth with
increasing laser energy, and increase first and then decrease
with the increase of pulse duration. The concrete relations
with laser energy and pulse duration for temperature and
size of “hot spot” are shown by the 3-D topography. These
results are expected to provide significate theory basis for
experiment and practical application to promoting or re-
straining the ignition (initiation) of nano-composite ener-
getic materials by adjusting the pulse duration and energy.
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