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Self diffusion in liquid Na-K alloy
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Abstract. Self diffusion coefficients, D, in liquid Na-K alloy at 373 K have been
computed in the linear trajectory approximation of Helfand, with square well as an
" attractive tail. From the computed Dy, and Dy, the mutual diffusion coefficient,

Dy, has also been determined. Dy, Dg 20d Dpyr alI. increase wit}1 increase of
concentration of potassium, while the ratio, DNa/DK remains constant (1-45 +0-01)
over the entire concentration range. ' : C T
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1.‘ Introduction

Recently the authors have calculated the self diffusion coefficients for various liquid
metals (Gopala Rao and Murthy 1975a; hereafter referred to as I), in th(:: line?.r
trajectory (LT) approximation (Helfand 1964) with square well as an attra:ctlve tail.
In this paper we propose to extend the same to liquid binary alloys, taking N_a-K.
system as an example, to calculate the self diffusion coefficients, D,, of the species
in the binary system. , ' ]

Largely because of its mathematical simplicity, the square well potfentlal has been
used to describe the interaction energy of dense fluids. Recent studies also proved
its usefulness in the theoretical studies of conducting fluids like liquid metals (Gopala
Rao and Murthy 1975a; 1975b) and alloys (Gopala Rao and Murthy, 1975¢; 1975d).

2. Theory

According to the LT approximation of Helfand (1964), extended to binary mjxjcuref
by Davis and Polyvos (1967), the D, in the binary mixture are gVerl by the equations:

D, = kTl 6]
the friction coeﬁ”lcients ¢, of the species i being,
' [=tF 4+ LS LT | @
with - o .
L =.22'1 8 0,2 81y (o) P (ZWPiJkBT)} | (3).
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LA, ¢S and {SH are the friction coefficients due to the repulsive core interaction§,
soft interactions and to the cross effects between the hard and soft forces in the pair

potential respectively. p, is the number density of the species 7. Gy;(k) and V5,,(k)
are the Fourier transforms, respectively, of the total correlation function, (gu(r) — 1),
and soft part of the botential, ¥, (7), o, is the rigid sphere diameter of species . The
reduced mass, p;, is related to the atomic masses, my, as

Fay = mm,/(m, - m). (6)

Under the Square well model (I), extended to binary mixtl}res (Gopala Rao and
Murthy 1975¢; 19754), Gyy(k) and ps, (k) become,

Glj(k) = [ng(k) —_ 8“] (Ptpj)_% R (7) |

VS,(k) = 4%:*3 (4k 0, cos Ak o — sin Ak 0, — cos ko,

3. Results and discussion

Presented in table 1 are the results for the various {,’s for liquid Na-K alloy at 373K,
at various concentrations of potassium. The * like > potential parameters used are
those given in I and the ‘ unlike ’ parameters have been determined by the Lorentz-
Berthelot rules, The density dat, has been taken from Abowitz and Gordon (1962).

As in I, the ¢ & contributes nearly 55% of the total {i. Table 2 shows the self
diffusion coefficients for sodium and potassium at various concentrations. To our
knowledge there are 10 experimental data for D, to compare with our theoretical:
results. As can be seen from table 2, both Dy, and Dy increase with increasing
concentration of potassium, while the ratio, Dy, /Dg remains constant (145 £ 0-01)
over the entire concentration range, Exactly the sam

very recently by Jacucej and McDonald (1975) for ¢
puter “ experiments *,

e behaviour has been observéd,‘
are-gas-liquid mixtures by com-
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Table 1*. Various friction coefficients for liquid Na-K alloy at 373 K

Concentration LB kpT LSlkpT {SHIkg T
(%K) Na K Na K Na K
01 0-1375 0-2063 0:0298 0-0358 00723 0-1034
0-2 0-1316 0-1977 0-0288 0-0348 00688 0-0985
03 0-1262 0-1901 0:0279 0-0339 00656 0-0941
0-4 0-1216 0-1834 0-0271 0-0331 0-0629 0-0903
0-5 0-1170 0-1767 0-0263 0-0323 0-0602 0-0866
0-6 0-1127 0-1705 0-0256 0-0316 0-0577 0-0832
0-7 0-1090 0-1651 0-0250 . 0:0309 0:0556 0-0802
0-8 0-1054 0-1598 0-0244 00302 0-0536 00774
09 0-1016 0-1542 0-0238 0-0296 0-0515 0-0744

*L4/kT are in units of 10° sec/cm?.

Table 2.* Self and mutual diffusion coefficients for liquid Na-K at 373 K.

Con(c%l,lltcr)a "t by, pg Danak  Pa/Px

01 4-169 2:894 3-021 1-441
02 4-360 3-019 . 3287 1:444
03 4:547 3142 3563 . 1447
04 4723 3:257 3-844 1:450 ‘ |
0-5 4909 3-380 4144 1-452 Re ! g
06 5-097 3:504 4-461 1-454 o
0-7 5270 3-618 4775 1-456 :
0-8 5:451 3738 5-108 1-458 i ';
09 5-649 3-870 5-471 1-463 f %:

*D; and DNaK are in units of 105 cm?/sec.

Table 3. Shear viscosity times and self diffusion coefficients.

ion _Shear D D

Con%ﬁ%%tlon Vs cosity ”(EE?Cm/se?:’)K
. n(incp)

01 0-6531 2723 1-890 '
02 0-6201 2:704 1-873 — ”
03 0-5871 2:670 1-845 ’
0-4 0-5580 2:635 1-818
05 0-5323 2:613 1:799
06 0-5096 2:597 1-785 -
0-7 0-4869 2:565 ° 1762 -
0-8 04628 2:523 1:730
09 0-4455 2:517 1697

Constancy of this ratio is also expected from the regular solution theor_y (Bearman
and Jones 1960; Bearman 1961). Under the regular solution hypothesis, j?D1 and
% D, are independent of composition. Here 7 is the shear viscosity of the mixture or
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alloy. Alternatively the ratio, D,|D, is independent of composition. Table 3 shows
the values N Dy, and 7Dy with 7 values taken from the data of Ewing er al (1951).
In the present case also, 4.D; and » D, remain nearly constant with the average values
being 2:616 for 7Dy, and 1-792 for 7Dy. L o

The ratio in table 2 is well given by the square of the inverse ratio of the correspond-
ing molecular -diameters i.e. D;/D, = (03/09)% a relation found useful in Ar-Kr
mixtures (Jacucci and McDonald 1975). Presently this ratio, ("K/"Na)z' turns out
to be 1:53 and is in good agreement with that given in table 2, :

Since the diffusion also depends on the atomic masses, the ratio, (my/m;)%, has
been tried in the present Na-K system. This ratio gives a lower valuz of 1'3. In
addition to the above relations, we may obtain a relation expressing the ratio, D,/ D,,
in terms of both atomic masses and molecular diameters, ¢,’s. To this, we start with
eqs (1) and (3) and assume, as a first approximation, that D, values are mostly given
by the hard core part. Hence from eqs (1) and (3), it follows that,

Dy|D, & LE|(H - )

8
1Ly 10 (O s TR +
S
o' g Cr Tk | x

8p1
{_;’1 o' & m M1 kgT)i’ +

8ps '
~§E 012 81a (2 piyp kg TR % -
= {aD + B} {F + p D}, (10)

To simplify the above equation further, we consider eq. (10) in the limit p, — 0.
In this limit, eq. (10) becomes, : L

Dy[D, = p1 D[F

(11)
&u ‘Hn o1y .
— 812 ( 2M, )“} ("’12)2
=22 (_—72 | [%2) 12
8u \M; + M, o1 : @
Considering eq. (10) in the other limit, i.e. py~> 0, we obtain
Dy/Dy = p, ED
— 8 (M_lti{z)* (2)’ a3
812 2M, 012




Self diffusion in liquid Na-K alloy - _ 591

The calculated ratios from eqs (12) and (13), respectively, are 1-489 and 1-526,
deviating by about 27/ from each other. These values are in very good agreement
with those given in table 2. - Since the values for the ratio, D,/D,, in the two limits
are very close to the observed ones, we may expect that eq. (10), which is valid at all
concentrations, would give a value in between the above two values.

Two other relations,

Dyl Dg = (og My[on, M)t

= 1-454 ' - (14)

N . /M. 1
~\ °Na My

and

= 1-445 as)

have also been found to reproduce the results in table 2.

So far no concrete theory has been developed to relate the mutual diffusion co-
efficients to the self diffusion coefficients of species in the mixture. Ebbsjo et al
(1974) for isotopic mixtures, Parrinello et a/ (1974) for conformal mixtures of equal
mass, Jacucci and McDonald (1975) for rare gas liquid mixtures, studied a relation,

Dyy = ¢,D; + ¢, D, + correction term (16)

which is a sum of terms of linear in the D,’s and a * correction term ’ to account for

the cross correlations and concluded that the correction term is negligible except for -

ionic liquids.

Table 2 shows (in column 4) the Dy, values calculated from eq. (16) without the
correction term and these values also increase with increase of concentration of potas-
sium. This behaviour of Dy, is in best accord with that expected from the con-
centration isotherm of the shear viscosity of this liquid alloy (Ewing et al 1951).
The concentration isotherms of the shear viscosity of liquid Na-K alloy sl}ow no
apparent discontinuity at any temperature and the present results also predicts the
same since no discontinuity in the diffusion results (table 2) has been observed.

Finally it is worthwhile to mention that the potential parameters used are those
fitted to give the correct first peak heights in the structure factor curves agd thus the
present calculations of self diffusion coefficients contain no adjustable (with respect

to diffusion calculations) parameters. o ' _
Thus the present model also represents the structure of liquid alloys quite satis-

factorily.

s
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