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Abstract

The (p,q,T) measurements and visual observations of the meniscus for propane were carried out carefully in the critical region over
the range of temperatures: �60 mK 6 (T � Tc) 6 40 mK and of densities: �4 kg Æ m�3

6 (q � qc) 6 6 kg Æ m�3 by a metal-bellows vol-
umometer with an optical cell. Vapour pressures were also measured at T = (320.000, 343.132, 369.000, and 369.625) K. The critical
point of Tc, qc, and pc was determined by the image analysis of the critical opalescence. Comparisons of the critical parameters with
values given in the literature are presented.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

In previous publications [1,2], we reported measure-
ments of thermodynamic properties of propane in the com-
pressed liquid phase between the temperatures (280 and
400) K at pressures up to 200 MPa by a metal-bellows var-
iable volumometer. In this paper, the results of vapour
pressure measurements, (p,q,T) measurements, and visual
observations of the meniscus for propane in the critical
region using an optical cell and a metal-bellows volumom-
eter are presented. The critical parameters were determined
by the image analysis [3] of the critical opalescence. Com-
parisons of the critical parameters with values given in
the literature [4–13] are also reported.

2. Experimental

2.1. Materials

The propane was supplied by the Takachiho Chemical
Industrial Co., Ltd., Ibaragi, Japan, and its mol-fraction
purity was specified by the supplier to be 0.99997. The sam-
ple to be loaded was degassed five times by freeze–thaw

cycling with liquid nitrogen before loading. The sample
loaded in this study is supplied by the same cylinder as
the previous work [1,2] used.

2.2. Apparatus and experimental procedure

The measurements were carried out using an optical cell
and a metal-bellows volumometer in a pressure vessel. The
apparatus and experimental procedures have been
described in detail in our previous publications [14,15].

A sample of known mass was loaded into the optical cell
and the metal-bellows volumometer. Nitrogen gas from a
pressure-measurement system was supplied to the outside
of the bellows in the pressure vessel to compress or expand
the bellows. The inner volume of the optical cell and the
volumometer as well as its variation with the bellows dis-
placement, temperature, and pressure were calibrated with
the known density of water [16]. The inner volume can
change from 18 cm3 to 12 cm3. The sample density q was
calculated from the mass of the sample loaded and the inner
volume of the optical cell and the volumometer. The uncer-
tainty in the resulting density measurements was estimated
to be less than ±0.8 kg Æ m�3 at a 95% confidence level.

The optical cell and the volumometer were immersed in
the thermostatted bath filled with silicon oil. The tempera-
ture that was detected at the well drilled in the body of the
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volumometer was measured with a 25 X platinum resis-
tance thermometer (Tinsley: 5187SASS) and a thermome-
ter bridge (Tinsley: type 5840) on ITS-90. The resistance
of the thermometer at the triple-point temperature of water
was measured periodically. The temperature in the bath
was controlled within ±5 mK. The uncertainty in the tem-
perature measurements was estimated to be less than
±7 mK at a 95% confidence level. The pressure of the
nitrogen gas was measured with an air-piston pressure
gauge (Ruska: model 2465-753). The pressure of the sample
was obtained by subtracting the difference between the
internal and external pressures of the bellows from the
pressure of the nitrogen gas outside the bellows. This pres-
sure difference was calibrated as a function of the bellows
displacement, temperature, and pressure. The uncertainty
in the pressure measurements was estimated to be less than
±1.6 kPa at a 95% confidence level.

Through the 8 mm diameter windows, which were set
on two sides of the optical cell, the meniscus at the
(vapour + liquid) interface of the sample and its critical
opalescence were observed by a CCD camera (Elmo:
UN411). The pictures were monitored on a display and
recorded by the personal computer used. Each window
was sealed by a synthetic sapphire, whose dimensions
were 12 mm in thickness and 16 mm in diameter. The
height of the space where the sample was loaded in the
optical cell and volumometer was designed to be as small
as possible. Two windows were also set on two sides of
the thermostatted oil bath.

3. Results and discussion

We measured the vapour pressure for propane at T =
(320.000, 343.132, 369.000, and 369.625) K with different
positions of the meniscus to confirm no impurity effect.
The mean values of these measurements are given in table
1. Comparison of the present vapour pressure measure-
ments with the experimental data by Miyamoto and Uema-
tsu [1] and Thomas and Harrison [8] is also given in table 1.
The present values are in good agreement with those data
within the present uncertainties, although the pressure dif-
ference between the present values and the experimental
data by Thomas and Harrison are 1.12 kPa at T =
343.132 K.

The (p,q,T) measurements were carried out in the
region of T = (369.950 to 370.050) K and of q = (218.0 to

TABLE 1
Results and comparison of the vapour pressure measurements for propane

T/K ps/MPa e/kPaa

This
work

Miyamoto and
Uematsu [1]

Thomas and
Harrison [8]

320.000 1.6002 1.5998 0.4
343.132 2.5873
343.15b 2.58618 1.12
369.000 4.1843 4.1844 �0.1
369.625 4.2316
369.65b 4.23160 0.00

a Pressure deviation of the literature data from values of this work.
b Temperature is based on IPTS-68.

FIGURE 1. The (p,q,T) measurements and visual observations of the meniscus for propane at T = (369.950 to 370.050) K and at q = (218.0 to
228.0) kg Æ m�3. * pictures observed with meniscus.
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