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Metals, being a less resistive to the flow of electrons, have been used for electrical conduction since the
beginning. The factors affecting this flow have always been a focus of researchers working in this field.
With the development of material science and the condensed matter physics, a high degree of accurate
prediction for the electron behavior in the solid phase of the metals becomes possible. However, the liquid
state is more unpredictable in metals as well as in alloys. Electron flow and hence the other properties of
the sample as a whole will get change when two or more metals are combined to get form of alloys. It will
be interesting to mathematically model the electrical transport in the metals and alloys, particularly in the
liquid state. Alkali metals have their own importance in the field of the nuclear reactors. Lithium as hav-
ing large absorption cross section is used for the coolant in many types of reactors. The small amount of
electron current may in turn be converted in the cyclic heating and hence the raise in the temperature of
the coolant itself. In present work, an effort has been made to check the electrical transport in liquid binary
alkali alloy of lithium with sodium at different proportions. Some important electrical transport properties
of the liquid Li;-.Na, binary alloys have been reported with the help of classical pseudopotential theory.
The study includes the investigation of the electrical resistivity, the thermoelectric power and the thermal
conductivity of the said alloy using a universal model potential of Fiolhais et al. for the first time to the
best of our knowledge. Variety of the local field correction functions (starting from a static dielectric func-
tion given by Hartree (H) to the exchange and correlation functions given by Hubbard-Sham (HS), Taylor
(T), Vashishta-Singwi (VS), Farid et al. (F), Ichimaru-Utsumi (IU), Nagy (N) including recent one given by
Sarkar et al. (S)) are employed in the present computations and found appropriate for such a study. The
presently computed values of the electrical resistivity agree reasonably well with the experimental data.
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1. INTRODUCTION cated methods. Selection of the said potential [6] is
made due to its high ability to produce the results for
many of the properties of liquid alkali metals as well as
alloys. The quality of the results obtained for the elec-
trical and thermodynamic properties reported in our
previous articles [2-3] are the motivation for present
investigation.

The proportion of each element present in the given
binary mixture plays an important role to decide the
said electrical properties. This type of study is possible
with the help of the approach given by Faber-Ziman
[1, 3, 5]. Various local field correction functions pro-

of alloys. are having their own importance till today. posed by Hubbard-Sham (HS), Vashishta-Singwi (VS),
There exist a lgrge number‘ of studles' reported for stu@- Taylor (T), Ichimaru-Utsumi (IU), Farid et al. (F),
ying the electrical properties of liquid metals or their

alloys using various well-known pseudopotentials with
the conventional dielectric screening functions [1-5].

In the present article, the three electrical transport
properties, such as the electrical resistivity (ouioy), the 2. COMPUTATIONAL METHODOLOGY
thermoelectric power (T'EPuioy) and the thermal conduc-
tivity (ouioy) of LiixNax binary alloys are investigated The computation of paioy is carried out with the help
with the help of universal model potential proposed by of the analytical expression for alloys proposed by Fa-
Fiolhais et al. [6]. The pseudopotential theory has its ber and Ziman [1, 3, 5]
own importance and advantages over the other compli-

Apart from the solid state of matter, researchers are
interested in various types of study of the liquid phase
of metals and their mixtures. Because of the presence of
conduction electrons and the available range of in-
terparticle distance in a molten state, it shows a modi-
fied metallic type of behaviour and it correlates the
concept of a molten state with those of electronic states
in metallic elements. Therefore, the experimental, as
well as the theoretical study of such electrical properties
of liquid metals and their various mixtures in the form

Sarkar et al. (S) and Nagy (N) [2-4] are used to examine
the influence of screening with respect to the static
Hartree (H)-function.
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where Wii(q) and Wez(q) represent the form factors of
the model pseudopotential for the two metals 1 and 2.
The partial structure factors of Ashcroft-Lengreth are
denoted by ai [4], while x is the concentration of the
second metallic component.

The structure factor and potential dependent
TEPuu0y can be expressed as follows [1, 3, 5]

— ~0.001795T'(3 - 24(q)q) } @

alloy == E
F

Instead of the physical flow of the electrons, only
the heat can pass through the metal by applying the

2
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temperature gradient to the liquid. The rate of this
heat flow for a given liquid is a measurement of calioy. It
can be written as follows [1, 3, 5]

k5T

3‘6‘2 palloy ‘

3

aalloy =

Here e, Er, T and kg are the electronic charge, Fer-
mi energy, temperature and the Boltzmann’s constant,
respectively. The universal model potential of Fiolhais
et al. [6] is used in the present computation in the fol-
lowing form [6]:

208 24
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where R is the core decay length. The two parameters
A and g are determined from the analytical conditions
i.e. r = 0 and discussed in [6]. Also, Z, Z and &(q) are the
valence, the atomic volume and the modified Hartree
dielectric function, respectively. The screening influ-
ences are studied by using eight different local field
correction functions given by various authors used in
the present computation for the very first time with
this universal model potential.

3. RESULTS AND DISCUSSION

The required inputs used in the present calcula-
tions are shown in Table 1, which are adopted directly
from [6]. The present results of various electrical
transport properties are displayed in Figs. 1-3.

Table 1 — The input parameters and constants

Metal Z| Z au. n | a au. [6]| R,a.u.[6]
Li 1 142.47 0.46 3.546 0.361
Na 1 254.25 0.46 3.047 0.528

The concentration dependence puaiioy of Lii.xNax bina-
ry alloys is shown in Fig. 1 with available experimental
data [7]. From Fig. 1, it can be observed that the pre-
sent results for payoy due to VS-function are found to be
in good agreement with the experimental data [7]. The
relative influence of all the functions with respect to
static H-function on the results of puioy is found in the
range of 22.28 %-141.57 %.

While the presently computed results of TEPuiy of
LiixNax binary alloys are displayed in the Fig. 2.

It can be easily noted that among all eight employed
local filed correction functions in the present work, the
results of H-function show the maximum numerical
value of TEPuoy, while those due to N-function give the
minimum value. Also, the presently obtained results
for ouloy of said binary alloys are illustrated in Fig. 3.

It is observed that the present results of cuioy com-
puted through H-function show higher results while N-
function produces lower values in comparison with
other local field correction functions. As per literature
survey done prior to this work, the experimental infor-
mation regarding TEPaiy and cunoy at each of the con-
centration (x) values are not available for further
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Fig. 1 - puiey of Li1xNax binary alloys
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Fig. 2 — TEPauoy of Lii -:Nax binary alloys
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comparison, and hence because of the lake of experi-
mental data these types of calculations may become
very important and can be considered as one of the
procedures for further examinations of the materials.

3.1 Physical significance of the results

The parabolic shape obtained for curves of a0y and
oulloy shows the agreement of the present results and
the previous results obtained by Vora [8]. According to
the present result, if the binary alloy of Li and Na is
formed with concentration x = 0.2, then the maximum
Palloy can be obtained. Peak is not found at exactly mid
of the concentration as in the case of Vora [8]. Thus,
the present potential provides better agreement than
the results presented in [8]. Compared to the results
generated by self-consistent approach reported by
Geertsma et al. [9], present peak in the resistivity holds
a better position with respect to the experimental re-
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in the electronic configuration of both participating
elements for the formation of the alloy. Further, to
increase puiloy the concentration proportion of Na is to
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layers in the nuclear reactors. As even a small amount
of the current flow can give rise to the increase in the
temperature which may convert in the cyclic current
and heat increased in the whole fluid as well. As the
present work involves only directly adopted set of the
universal potential parameters (without any kind of
modification) given by Fiolhais et al. [6], there is a
scope of getting more improved results than the pres-
ently achieved findings. This can be done either by
adopting other forms of local field correction functions
or by developing a bit modified method for potential
parameter determination. The reported work confirms
the applicability of the universal model potential of
Fiolhais et al. [6] in the afore mentioned properties of
liquid Lii-xNayx binary alloys along with all the used
local field correction functions and found successful.
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puted results, it can be stated that the study not only
supports the reliability of the universal model potential
of Fiolhais et al. [6] for investigating the aforesaid elec-
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study of binary mixtures.
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Enexrpuuni TparcnopTHi B1acTuocrti pigkux ciuiasiB Lii-xNax
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Merasu 13 BIZHOCHO MaJIMM IIUTOMUM OIIOPOM BHKOPUCTOBYIOTHCS Ay:ke AaBHo. Darropy, 10 BIINBAKTH
HA IUTOMUU OIIIp, 3aBXKIN OyJIU IIPeIMEeTOM aHAJI3y JOCIIIHUKIB ITiel raaysl. 3 pO3BUTKOM MaTepiasio3HAB-
cTBa 1 (DIBMIKYM KOHJIEHCOBAHUX MAaTepPiaJliB CTAB MOKJIMBUM BHCOKUY PIBEHBH TOYHOIO IIPOTHO3YBAHHS IIOBE-
IIHKK eJIEKTPOHIB y TBepaiit dasi merasmis. OqHak, pigKuil cTaH € OLIbII Helepea0auyBaHUM SK B MeTasIax,
Tak 1y ciuiaBax. BiacTuBocTi 3paska B IJIOMY OyIOyTh 3MIHIOBATHCS, KOJIU ABa a00 OLiIbIle MeTasiB 00'eld-
HYIOTBCS J[JIsI YTBOPEHHSI CILIaBy. BasKIMBO IIPOBECTH MaTeMATUYHE MOJEJIIOBAHHS €JIEKTPUIHOIO TPAHCIIO-
PTY B MeTajIax 1 cIIaBax, 0co0JIMBO y pimkomy crami. JIysKHI MeTaIu MaloTh 3aCTOCYBAHHSA B TaJIy3l AaepHOL
enepreruru. JIiTi#, akuit Mae BeIUKHUI Tepepi3 MOTJIMHAHHS, BUKOPHUCTOBYETHCS AK TEIJIOHOCIH B 6araThox
THUIIAX PeakTopiB. KiIeKTpOoHHMI CTPYyM MOsKe, B CBOIO Yepr'y, 3yMOBJIIOBATH JIOJIATKOBHI HATPIB 1, OTIKE, ITiJT-
BHIIYBATH TEMIIEPATYPy CaMoro TerioHocis. Jlana pobora mpucBsueHa BUBUEHHIO €JIEKTPUYHOTO TPAHCIIOPTY
B pigKoMy GiHAPHOMY JIy3KHOMY CILIABI HA OCHOBI JIITIIO 1 HATPIIO B PI3HUX CIIBBIIHOIIEHHSX. 3a JOIOMOI00
KJIACHYHOI Teopii IICeBIOIOTEHINATIB JOCTIPRYIOTHCS AesIKl BAlKJINB] €JIEKTPUYH] TPAHCIOPTHI BJIACTUBOCTL
pigxux Oinapuwux cmaaBiB LiixNax. B crarrti Bmepiie Bu3HAYAIOTHECSA €IEKTPUYHUIN OIp, TEPMOEIEKTPUYHA
THOTY?KHICTH Ta TEIVIOIPOBIIHICTh 3a3HAYEHOIO CILJIABY 3 BHKOPHUCTAHHSM YHIBEPCAJIBHOIO MOJAEJIBHOTO II0-
rermiany Qatonxeitaa Ta iH. PisHoBUAM QYHKINN KOPEKIIil JIOKAJIBHOTO IT0JIA (IOYMHAIYH 31 CTATHYHOI Iie-
nexrpuynol Qyukmil Xaprpi (H) 1 sakindyioun 0OMIHHOI Ta KOPEJIAINiHOK0 QyHKIaMu Xabbapma i [lama
(HS), Teitnopa (T), Bamurinrra i Ciusi (VS), @apizga ta in. (F), Iuimapy 1 Yiywmi (IU), Heri (N), y Tomy umesti
Caprapa Ta iH. (S)) BUKOPHCTOBYIOTBCA ¥ JAHUX PO3PAXyHKAX, 10 € 3araJIbHOBIIOMOI0 IIPAKTUKOK JJIS IO0-
Ii0HUX JToc/KeHb. Po3paxoBaHi 3HAYEHHS €JIEKTPUYHOIO OIOPY JOCUTH 00pe Y3TO[KYIOTHCS 3 eKCIIepH-
MeHTAJIbHUMHA JaHUMU.

Kmiouosi cnosa: Enexrpuunmnii omip, Teopis meesmomoreHitiatis, Pigki merasesi ciiasu.
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