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1 — INTRODUCTION

In an earlier publication [1] we reported
measurements of the thermal conductivity
of liquid toluene over the pressure range
0.1 to 585 MPa, and in the temperature
range 35-87°C. The estimated accuracy of the
reported experimental data is one of±.-0.3 %.
However, at the time of publication there
were no available density data for the liquid
with a comparable accuracy over the same
range of conditions. It was therefore not
possible to analyse the density dependence
of the thermal conductivity in the manner
which has proved successful for many other
liquids [2]. Furthermore, it was not possible
to deduce from the measurements thermal
conductivities on the saturation line of
toluene which have been proposed as stan-
dard reference values for liquid thermal
conductivity. This is because only an extra-
polation of the thermal conductivity to the
saturation line which is carried out using
density as the independent variable has a
secure foundation [3]. The availability of
new, accurate values of the density of
toluene over a range of temperatures and
pressures [4,5] has now made it possible to
re-analyse the thermal conductivity data in
order to fulfil both of the objectives set out
above.

The paper describes a new interpretation of the
density dependence of the thermal conductivity of
liquid toluene in terms of an equation based upon
the van der Waals model of a dense fluid. The new
analysis is carried out on accurate thermal conducti-
vity data reported previously with the ,aid of results
for the density of toluene published more recently.
A simple correlation, basead on the van der Wools
model, is found to relate the thermal conductivity
to the mo/ar volume of the liquid with an accuracy
commensurate with the uncertainty in the former.

2— DENSITY DEPENDENCE
OF THE THERMAL CONDUCTIVITY

Accurate density measurements for liquid
toluene have recently been reported inde-
pendently by Kashiwagi et al. [4], and Eas-
teal and Woolf [5]. The experiments of the
former authors extend over the pressure
range up to 250 MPa and the temperature
range O to 100°C, and have a claimed
accuracy of -± 0.1 %. The results of the
latter authors cover the more limited tem-
perature range 5-50°C and extend to pressu-
res as high as 500 MPa. The estimated accu-
racy of this second set of data is also-±0.1%.
The most accurate thermal conductivity

Rev. Port. Quirn., 28, 17 (1986)	 17



7:t!	 • c.,1 to cc, 4, o
co c6- 	 ai	 06 6cq co co	 LO LN)

CO CO T4 ,•-n C N N	 LO
c.6 a; o6	 tri	 C LC If
o cv co 00 0) Õ c.1
co co cocO c00000mm

n—.1	 C)	 00 4 o
0.6 o6	 c..6 6 6	 c..6
4	 N N CO Ln LO c.o

......

cl	 o co o co. 4 4 to co
4 4	 c\i 4, 4 to
cNcicovocno4cNco
00 00 00	 00 00 01) Ct	 Cr)

N cO 00	 ,t,
Ttn lfj 00 N tri o6 c.16	 o6
C\1 C1N CO CO CO cf+ LO to UP

•—n 	 n—n

CO CO I"-	 N	 0) CO C..0
• Oi 6	 c‘i ad ' c‘i	 c6oo Cco	

1	 'o' oT c,̀ ()̀ ; 
co
	 Sq,	 g

N CO h	 h fs:, CO CO CO TN
6 c.6 co tri c6 6 t.t6 4 05 trS
N N	 CO Tztn Ln in co CO

•—n .....

• co to.	 o'?	 Lc? or? 1-c)
4 4 N	 ai 4, 4 oti
4c.tococom4c1Nco	 4
c00000c000mcomm

c.0	 c0 C.0	 oo	 c.0
o6	 N	 (0c CO CO CO h
NNNCOCOCOTt+,44,44TNCOCO

• N	 C.0 Cv") r-•	 N	 00

c.6	 co oti ai N	 CO 06 06 116LO to to CD	 N CO 0') 0) CI) Cy CO In
0000000000 0000 C000 000)MCS)

ce)Eo

o

o
E

o

o

o

o

o
•.--

-o
oo

o

LO

co

E-4

LO

6
co
co

E-4

o_

o_

o-

C.A. NIETO DE CASTRO, R.D. TRENGOVE e W.A. WAREHAM

data [1] extend along five isotherms in the
range 35-87°C and up to 585 MPa. Conse-
quently, the combination of the two new
sets of experimental densities allow us to
prepare a table of thermal conductivity
as a function of density over at least part
of the complete range of thermodynamic
states. In preparing this table, which
comprises Table I, we have combined the
representations of density as a function of
pressure along several isotherms given by
Kashiwagi et a/. [4] and Easteal and
Woolf [5]. For each experimental pressure
employed in the thermal conductivity mea-
surements the density at the temperature of
interest has then been obtained by interpo-
lation using a procedure described else-
where [6]. When the densities obtained from
the two independent sources are compared
in an overlaping range of thermodynamic
states the values never differ by more
than ± 0.2 %, and usually by much less.
This value is taken as an upper limit to the
uncertainty in the densities quoted in Table I.
The corresponding uncertainty in the ther-
mal conductivity (is one of Lt.= 0.3 %.

3 — REPRESENTATION OF THE DATA

An analysis of the thermal conductivity of
a dense fluid, [7,8] based on the rough hard-
sphere model of the fluid suggests that to a
good approximation the quantity

( V ) 2/3
X* =  	 = F(V/V0) (1)

(Atro) 	V°

should be a function of (V/V.) alone. Here,
is the thermal conductivity of the dense

fluid at a molar volume V. The quantity
is the translational contribution to the

tr
the' rmal conductivity of the gas in the limit
of zero-density and V. is the close-packed
volume of the hard-sphere system [7, 8].
Owing to the fact that the real molecules
have repulsive potential wells that are not
infinitely steep, V. will possess a weak
temperature dependence.
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In order to test the hypothesis of equation (1)
for toluene it is sufficient to demonstrate that
the lines of X* against In V for each isotherm
can be superimposed upon each other by
shifts along the In V axis. The shift necessary
along this axis for two isotherms represents
the change in Vo between the two tempera-
tures. For this purpose experimental values
of X* may be evaluated from the equa-
tion [7, 8].

result of the superposition of the remai-
ning thermal conductivity isotherms on the
reference line at 308 K by shifts along the ln
V axis. It can be seen that the agreement
between the various isotherms is remarkable
which confirms the hypothesis of equa-
tion (1). The values of Vo which secure
.this agrement are listed in Table II.

Table II
X* = 1.936 X 107 X V2/3 (M/RT)'/2 	 (2)

wherein M is the molecular weight of the
fluid, R the universal gas constant and T the
absolute temperature. For definiteness we
adopt a value for Vo at 308 K deduced from
viscosity measurements made by Kashiwagi
and Makita [9]. Figure 1 then shows the
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Figure 1

The reduced thermal conductivity, x*, for toluene
as a function of V/V 0.

; 308.15 K; o: 320.15 K; • : 330.15 K;

[11 : 345.15 K; A
	

360.15 K

The temperature dependence of the core

volume V, for toluene

T/K 106V0/m3 moi—'

308.15 67.51

320.15 67.18

330.15 66.86
345.15 66.59

360.15 66.25

It follows from this discussion that the
experimental data for the thermal conducti-
vity along all isotherms may be represen-
ted by a single equation for which the simple
form

In X* 4.5540 -- 2.1989 In (V/Vo) (3)

is found to be an optimum by least squares
regression. Figure 2 shows deviations of the
original thermal conductivity data [1] from
the correlation together with the recent
results of other workers [4]. The data on
which the correlation is based depart by no
more than 1 % from the universal equa-
tion and have a standard deviation of
only ±- 0.3 %. Furthermore, although the
data of Kashiwagi et al. [4] depart by as
much as 1.5 % from the correlation at the
highest temperatures and pressures, the
deviation is usually much less and is within
the mutual uncertainty of the data and the
correlation.
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Figure 2

Deviations of experimental thermal conductivity data
from the correlation of equations (1) and (2) and
Table II.

Present work — • : 308.15 K; o: 320.15 K;
• : 330.15 K;	 : 345.15; A: 360.15 K.
Kashiwagi et al. 1-41 — A : 313.15 K; V : 323.15 K;

: 348.15 K.

vitably this extrapolation degrades the accu-
racy of the original experimental data to

Table III

The thermal conductivity of toluene along
the saturation line

T/K X/mW m--1

308.15 128.5
320.15 124.9
330.15 121.0
345.15 116.9
360.15 112.0

some extent, but the extrapolation is not
large and it is estimated that the reported
saturation line values should not be in error
by more than -± 1 %.
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4 THE THERMAL CONDUCTIVITY
ALONG THE SATURATION LINE

The desirability of establishing standard
reference values for the thermal conductivity
of liquids is vividly illustrated by the wide
range of values reported for almost any
liquid [10]. Toluene itself has often been
proposed as a suitable reference material.
The accuracy of the thermal conductivity data
discussed in this paper makes them suitable
for inclusion in the establishment of such
standard rerefence values. However, since the
normal reference conditions pertain to the
saturation line or to 0.1 MPa the data consi-
dered require extrapolation in order to be used
in this fashion. The preceding section has
illustrated that an extrapolation based on
the dependence of the thermal conductivity
on density is both reliable and simple.
Accordingly, we have fitted an equation of
the form of equation (2) to the thermal con-
ductivity data for each isotherm and used the
fit to derive the thermal conductivity at satu-
ration. The values are listed in Table III. he-
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RESUMO

A dependência da densidade na condutibilidade tér-

mica do tolueno

Este trabalho descreve urna nova interpretação da
dependência da densidade da condutibilidade térmica

do tolueno ern termos de uma equação baseada no

modelo de van der Waa/s para um fluido denso.
A nova análise é baseada ern valores precisos da
condutibilidade térmica anteriormente publicados e de
valores de densidade do tolueno publicados recente-

mente. Verifica-se que, existe uma correlação simples
baseada no modelo de van der Waals, entre a con-

dutibilidade térmica e o volume mo/ar do líquido,

com uma exactidão compatível corn a incerteza dos
dados experimentais,
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