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ABSTRACT

The lattice thermal conductivity of solidan has been calculated over the temperatures range
(0.5-10 K), at molar volume (13.4 &mole) by using Awad model. Taking into accouneftypes of
scattering mechanisms boundary, dislocation, pdeiects, isotopes and three phonon scattering.
Good agreement with the experimental data achidyedising adjustable parameters, maximum
conductivity value reached to (307 mW/cm.K) at (R)1
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INTRODUCTION

Rare-gas crystals are probably the Clemans [11] studied the thermal
simplest dielectric solids which can study the conductivity of solid neon sample, measured
phonon heat transport and the role of boundary, through the temperature range (0.5-10 K). An
dislocations, point defects, the three phonon isotopically purified®Ne sample, and &Ne
and other scattering mechanisms, in order to sample with 0.15-at. %He, as well as a sample
compare the theoretical analysis with the with the natural isotopic mixture, were studied.
experimental resultsl — 3] . Callaway relaxation rate thedmp] was used

) ) ) to make a good agreement with experimental
Solid neon is one of the simplest crystals gat49]

with regard to crystal structure, lattice
dynamics, and other physical properties, and Awad[12] progressed mathematical
because of several interesting properties, was, model exceeding all the approximations used
and still is, subjected to intense study of many by Callaway10] or any earlier authors, by
author¢$4 — 8]. using dispersion relation of monatomic and
) ) diatomic lattices, he has taken accounts both of
Kimber and Rogers[9] studied the  gispersion relation for sound phonons and non
thermal transport properties of solid mixtures  equilibrium distribution function consequent at
for the neon isotopes “Ne and“Ne. The jnteraction with the nearest and all atoms. He
results have been interpreted numerically by got more accurate formulas in order to calculate
using the Callaway formulatipho] to establish  the J|attice thermal conductivity. He applied
the relaxation rates of the phonon scattering. these formulas in successfully on Germanium
They were found the phonon scattering by Ge and Gallium Arsenide GaAs in the

isotopic impurity atoms (40%) stronger than the temperatures range (2-300 K).
predicted on the basis of the mass difference

alone. Because of the theoretical studies dearth
on this sample, which has been considered one
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of the impediment essential, in order to “°Ne theoretically at the temperature range (0.5-
compare with, so the purpose of the present 10 K) by using Awad mode]12] to get best
work is to calculate the lattice thermal fitting with the experimental daftal].

conductivity of isotopic purified solid neon

Mathematical description

The measurement results were analyzed mathematical at calculating the lattice thermal
by using the method of Awéti2], who worked conductivity of solids, where he obtained
in his investigation to discuss all the formulas of the lattice thermal conductivity and
approximations used by earlier correction term for the following states as:
author$10,13 — 18], and treatment it

I. Dispersion relation

Awad 12] ignored Debye So, he was getting to the following
approximation of dispersion relatioy € w/ formula for the lattice thermal conductivity and
v), which is used by Callaway metHad], and correction term as:
he used in his model the dispersion relation of
monatomic lattice in one dimension 8] : k = ki + Ak

W= wpsin (q—a) ky = cbl

11 = H/T Tc (e J; e1)2 1- (Tx/9)2 (Sln_l(Tx/e)) dx

Where, 6 is Debye temperature, and; Ak = cOL1, /1
represents the conductivity if the normal

processes scattering are small, while is included when normal processes are
significant.

o/T
L= zc (eienz (sin~1(Tx/8))’ dx

L= [T E =T ST (Tx/0) (sin ™ (Tx/6)) dx

o= [T (1 - (/) (sin ™ (Tx/6)) dx

k3T
= (3,-[23ah2)’ x = ks , 0 =751K, a=23[11],a = 4.46 A° [19].

T¢ . The combined relaxation time, given by:
et = Tt Tt T Ty T
= §+ Aw* + BpwT + (By + Bye™9/%T)w?T? + B,w*T*
Where, 15", 7,¢, 75" T3, and ;" are w : The phonon frequency.
relaxation time for the boundary, point defect,

dislocation, three phonon and isotope
scattering, respectively.

Il. Non-equilibrium distribution function

To correct the Iattice thermal
conductivity equation, Awad used non
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equilibrium distribution function by treating the
deflecting magnitude of equilibrium
distribution functionrN°(t) [20] as:

t-t

N(&) = NO(@&) — [*_ dfe = 5-N(f)
Where,

N(t) : Non equilibrium distribution function in
time periodt.

NO(t) : Equilibrium distribution function in
time periodt.

NO(t) : Equilibrium distribution function in
time periodt.

6/T x3e*
15 = fo Tc (ex—1)2

I = IH/TT_C x2e*
67 Jo oy (ex-1)?

2
c _4VokBTf9/T x2ex (sin~1(1x/6))
VT 12439 J0 (e*-1)2 1-(Tx/0)?
_( KkET
Co = 3n2ah?/ °

RESULTS AND DISCUSSION

The lattice thermal conductivity of solid

t : Time period after scattering process.
t : Time period before scattering process.

So, the lattice thermal conductivity and
correction term has been written[ag] :

6
k = COC_,,[IS +1j16

Where, the first term represents the thermal
conductivity, while the second term represents
the correction term.

J1—(Tx/6)? (sin‘l(Tx/B))zdx

(1 — (Tx/8)?)(sin~1(Tx/8))’ dx

in figures (2,6), The phonon scattering

neon calculated for both states of dispersion processes of the point defects, boundary and
relation and non equilibrium distribution dislocation show the domination at low
function by using the adjustable parameters of temperatures, but the isotopic and three phonon
the phonon scattering appearing in tables (1,11), scattering of two kinds (normal and umklapp
the results represented in figures (1,5). Best processes) dominate at high temperatures.
fitting can be noticed of these results with

experimental dafd1], especially at the In figures (3,7), the normal processes of
maximum conductivity curve. But some three phonon scattering were dominant at
abnormalities can be found of these theoretical temperature less than (4 K), but at high
calculations about the experimental data for this temperatures the umklapp processes were
sample at relatively high temperature through dominant, this is an agreement with the results

the range (5-7 K), which can be treated by
using the two mode conducting theory. In the
same figures (1,5), the results of the earlier
authors Kimber and Rogdfd were also
included.

The point defect phonon scattering
included and should be considered carefully,
for the significance important at solidified the
sample, the previous study did not take that
accounf11], and that significance can be seen

K]

of authorg21 — 23] .

At constant temperature (T= 3.1 K) and
within low frequencies range, the figures (4,8)
appearing dominance for the boundary and
dislocation phonon scattering over another
kinds of scatters, on the other hand the isotopic
and point defects scattering dominion at high
frequencies, this is an agreement with the
results of the authold 2,24 — 26].
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CONCLUSIONS

The lattice thermal conductivity of solid especially in dispersion relation state, but these
neon has been measured over the temperatureabnormalities contracted in non equilibrium
range (0.5-10 K). Awad method has been distribution function state.
applied to analyze the obtained data. The point
defect phonon scattering has been included, and The boundary and isotopic phonon

it is important at temperatures below (4 K). scattering play important roles in the lower and
higher frequencies consecutively.

The calculated values of the lattice
thermal conductivity through the temperatures
range (5-7 K) higher than the experimental one,

Table I: The adjustable parameters values calcutad and used for theoretical curves.

Table 1I: The adjustable parameters values calcalted and used for theoretical curves.
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The figures (1-4) for dispersion
relation state.
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Fig.1:Conductivity curves of solid Fig.2:The percentage contribution of
neon. Solid line is the present work. relaxation rates scattering used towards the
combined relaxation rate.
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Fig.3:The percentage contribution for Fig.4: Relaxation rates of the deferent
the relaxation rate of normal and phonon scattering as a function to the
umklapp  processes towards the factor x at constant temperature.
relaxation rate of three phonon
scattering.
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The figures (5-8) for non equilibrium distribution
function state.
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Fig.5:Conductivity curves of solid
neon. Solid line is the present work.
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Fig.7:The percentage contribution for the
relaxation rate of normal and umklapp
processes towards the relaxation rate of
three phonon scattering.
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Fig.8: Relaxation rates of the
deferent phonon scattering as a
function to the factor x at constant
temperature.
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