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ABSTRACT

The increasing worldwide use of bio-fuels constitutes one of
the measures considered to reduce greenhouse gas emissions.
Bio-fuels also have an important part to play in promoting the
security of energy supply, and promoting technological
development and innovation. Di-butyl ether (DBE) is used as
blending agent in reformulated gasoline and has been included
in recent international regulations on the promotion of the use
of energy from renewable sources for transport. The DBE is a
non-polluting, high octane number blending agent. DBE could
be also used as cetane enhancer in bio-diesel fuel, and can be
obtained as an added valued additive to second generation bio-
fuels. Second generation bio-fuels could be obtained from
ligno-cellulosic biomass and waste materials.

Ether + alkane mixtures are of interest as model mixtures
for gasoline in which the ether act as renewable, high octane
number blending agent. From this point of view the study of the
binary mixtures dibutyl ether + heptane, are very interesting.
Heptane has been chosen as a representative of the linear
alkanes that contain real gasoline. Density of the binary
mixtures DBE + heptane and its pure compounds have been
measured under pressure and reported in this work using a
vibrating tube densitometer. Accurate PVT properties of pure
ethers and its mixtures are required to develop and test
equations of state, because equations of state are critical to
design storage and transport systems in the fuel industry.
Moreover, high temperature and pressure data serve to validate
equations of state which are reliable for the increasingly use of
industrial and engine processes under hard conditions.

Experimental densities (826 points) for the compressed
liquid phase of the binary systems DBE + heptane have been
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measured at 298.15, 313.15, 333.15, 353.15, 373.15 and 393.15
K and at pressures up to 140 MPa, with an absolute uncertainty
of 0.7 kg-m™. For each composition, the experimental values
were correlated using a Tait-type equation. Results show non-
linear behaviour of the mixture.

INTRODUCTION

Increasing global concern due greenhouse gas emissions has
generated much interest in the environmental friendly
alternative bio-fuels. Bio-fuels for internal combustion engines
as oxygenated compounds are also becoming important because
of diminishing petroleum reserves and increasing air pollution
[1, 2].

The oxygenated compounds used worldwide like simple
alcohols and ethers, are used as gasoline additives to reduce
pollutants from vehicle exhaust gases. Di-butyl ether (DBE) is
used as blending agent in reformulated gasoline and has been
included in recent international regulations on the promotion of
the use of energy from renewable sources for transport. The
DBE is a non-polluting, high octane number blending agent.
DBE could be also used as cetane enhancer in bio-diesel fuel,
and can be obtained as an added valued additive to second
generation bio-fuels. Second generation bio-fuels could be
obtained from ligno-cellulosic biomass and waste materials.

This work continues previous works of our group on the
density of mixtures of oxygenates additives with fuel and
biofuel components at high pressure and high temperature [3-
6].

By means of a vibrating-tube densitometer, experimental
densities (826 points) for the compressed liquid phase of the
binary systems DBE + heptane have been measured at 298.15,
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313.15, 333.15, 353.15, 373.15 and 393.15 K and at pressures
up to 140 MPa, with an absolute uncertainty of 0.7 kg-m™. For
each composition, the experimental values were correlated
using a Tait-type equation. Results show non-linear behaviour
of the mixture.

NOMENCLATURE

AAD [%] Absolute Average Deviation

Ai, Bi, C Coefficients of density correlation
Bias [%] Average Deviation

MD [%] Maximum Deviation

N Number of experimental data points
p [MPa] Pressure

Po [MPa] Reference pressure

T [K] Temperature

Special characters

o [g-cm™] Standard deviation

P [g-cm™] Density

Mo [g-cm?] Density at a reference pressure po
Superscripts, subscripts

calc Calculated

exp Experimental

i Constituent identification
EXPERIMENTAL

Materials

Dibutyl Ether (CgH;50, molar mass 130.228 g-mol™, CAS.
142-96-1) and heptane (C;H1g, molar mass 100.2 g-mol™, CAS.
142-82-5) were obtained from Sigma-Aldrich with mole
fraction purity of respectively 0.993 and 0.995. These
chemicals were subject to no further purification and directly
injected into the high pressure cell as soon as the bottles were
open.

Measurement Technique. Experimental Procedure

An Anton-Paar DMA HPM high-pressure vibrating-tube
densitometer was used to measure the density p as a function of
pressure p (up to 140 MPa) and temperature T between 293.15
and 393.15 K. The experimental setup was similar to the one
described in a previous paper [5]. This type of densitometer can
be used to perform measurements in a broad range of
temperature (from 263.15 to 473.15 K) and pressure (from 0 to
140 MPa), and requires the construction and set-up of several
pieces of equipment and peripherals. The temperature of the
measuring cell is controlled by a thermostat Julabo F-25 and is
measured with a platinum resistance thermometer Pt100, with
an uncertainty of £0.03 K and stability better than £0.005 K.
The pressurization of the fluid is performed with a piston
pressure intensifier HiP, model 50-5.75-30, driven by a step by
step motor ACP&D Ltd. model 6530-24. The pressure is
measured with a pressure transducer WIKA CPH 6000, with an
uncertainty of £0.04 MPa. The DMA HPM measuring cell is
connected to the Anton Paar mPDS 2000V3 evaluation unit,
which evaluates the oscillation period from the measuring cell
filled with the sample. The control of these devices is made by
a computer through a GPIB connection and specific software
that has been developed.
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Pure fluids used in binary mixtures were degasified prior to
the preparation of the samples. Degassing is carried out using
an ultrasonic bath PSelecta, model Ultrason-H. Each mixture
was prepared immediately before measuring, by weighing in
glass vials sealed to prevent evaporation. For weighing, a
Sartorius balance model BP 221S has been used, with
resolution of 10 g, uncertainty +0.0001 g. The estimated
uncertainty in the composition of the mixture is +0.00004 in
mole fraction.

Prior to any measurement, the densitometer is evacuated
using a vacuum pump Leybold Trivac D8B, protected by
vacuum trap filled with liquid nitrogen. The system can get a
vacuum pressure of 2 Pa, measured with a vacuum-meter
Leybold Vakuum Thermovac TTR91. After evacuation, filling
of the densitometer is produced by suction of the substance
from the sealed glass vial.

Calibration procedure

The calibration of the densitometer was performed
according to the new procedure described by Comupias et al. [7]
which is modification of the procedure previously proposed by
Lagourette et al. [8].

The calibration of the vibrating-tube densitometer has been
performed using three reference fluids (water, vacuum and
decane).

At 0.1 < p < 140 MPa and 293.15 < T < 363.15 K. The
calibration of the densitometer over these ranges of temperature
and pressure has been carried out using the procedure
previously proposed by Lagourette et al. [8]. The pair of
substances of calibration used are water and vacuum. The
density values of water values have been taken from the
equation of State (EoS) reported by Wagner and Pruss [9]. The
uncertainty in density of this EoS is 0.0001% at 0.1 MPa in the
liquid phase, 0.001% at other liquid states at pressures up to 10
MPa and temperatures to 423 K, and 0.003% at pressures in the
interval 10 to 100 MPa and temperature up to 423 K. The
uncertainty is of the order of 0.02% at 1000 MPa.

At p =0.1 MPa and T > 373.15 K. The limitation of this
procedure occurs when the measurements are carried out at 0.1
MPa and temperatures greater or equal to the boiling point of
water (373.15 K). This is the case of the present work because
the study is done up to temperatures above 373.15 K. In this
work decane has been selected as substance of reference at
conditions p = 0.1 MPa and T > 373.15 K, because its density
is well known at the atmospheric pressure over wide
temperature intervals [10].

At p > 0.1 MPa and T > 373.15 K. In the interval 0 to 1
MPa, as the pressure expansion coefficient of the cell is very
low, the volume of the cell does not significantly change with
pressure. Following the new procedure proposed in [7] the
reference pressure for water density is 1 MPa instead of 0.1
MPa. It is necessary to know the oscillation period of the
evacuated cell (over the entire temperature interval) and the
period of the cell full of water and the density of water (for p >
0.1 MPa and for T > 373.15 K). Over the above T, p intervals,
only one reference fluid is necessary (water) together with the
period of the evacuated cell.



After the densitometer was filled with the sample to be
studied, the sample was brought to the desired temperature and
pressure of interest and measured when thermal and mechanical
equilibriums were reached.

Taking into account the accuracy of the temperature, the
pressure, the period of oscillation measurement for water,
vacuum, the studied systems, and the water density accuracy,
the overall experimental uncertainty in the reported density
values is estimated to be +0.7 kg-m™ (i.e, around +0.07% for
density close to water density). However, for measurements at
atmospheric pressure at T = 373.15 and 393.15 K we used
decane as reference fluid. The uncertainty of the decane density
data reported in [10] (of the order of 0.0001 g-cm™) is greater
than that of water and consequently for the 2 data points at
373.15 K and 393.15 K, at p = 0.1 MPa the uncertainty is
estimated to be less than 0.5%.

RESULTS AND DISCUSSION

For the purpose of comparing the experimental density
values with those obtained with the two correlations considered
in this work, we have used the Absolute Average Deviation
(AAD), the Maximum Deviation (MD), the Average Deviation
(Bias), and the standard deviation (o) which are defined as
follows:

N exp _calc
AAD= TR S P
Nosl o ®
exp _calc
MD = Max(lOO pp”J
‘ )
. l N exp _calc
Bias = @ Z%
i=1 Pi (3)
N
(P =iy
o=1-=
Nem (4)

where N is the number of experimental data (N = 138 for
each composition) and m the number of parameters (we will
see below that with our correlation m = 7).

The measured densities of pure DBE and heptane, and the
four binary mixtures DBE (1) + heptane (2) (mole fraction x; =
0.3526, 0.5007, 0.6735, 0.8469) are reported in Table 1 along
six isotherms between 298.15 K to 393.15 K and at pressures
up to 140 MPa (23 isobars). No measurements were made at p
= 0.1 MPa and at 373.15 K and 393.15 K for pure heptane,
because the boiling point of heptane is 371.5 K.

Table 1. Experimental Densities, p (kg-m?), for x DBE +
(1-x) heptane at various Temperatures T and Pressures p.

X p/MPa T/IK

298.15 313.15 333.15 353.15 373.15 393.15

plkg-m?®
0.0000 0.1 679.5 666.6 648.9 631.2
1 680.4 667.6 650.0 632.1 613.3 593.5
5 684.2 671.8 655.0 637.8 620.1 601.7
10 688.6 676.7 660.6 644.3 627.7 610.6
15 692.8 681.3 665.8 650.3 634.5 618.4
20 696.7 685.6 670.6 655.7 640.7 625.4
25 700.4 689.5 675.1 660.8 646.3 631.7
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0.3256

0.5007

0.6735

704.0
707.4
710.7
713.8
716.8
719.7
7225
725.2
727.9
732.9
737.7
742.3
746.6
750.7
754.6
758.4

709.2
710.1
713.8
718.2
722.3
726.2
729.9
733.5
736.8
740.1
743.2
746.2
749.1
751.9
754.6
757.4
762.4
767.2
771.9
776.2
780.4
784.4
788.3

724.4
725.2
728.9
733.2
7373
741.1
744.9
748.4
751.7
755.0
758.1
761.1
764.0
766.8
769.6
7723
7773
782.2
786.8
791.1
795.3
799.4
803.3

738.6
739.4
743.1
747.4
7515
755.2
758.9

693.5
697.1
700.5
703.9
707.2
710.3
713.3
716.1
718.9
724.2
729.3
734.0
738.6
742.8
747.0
751.1

696.2
697.2
701.4
706.2
710.6
714.9
718.7
722.7
726.3
729.7
733.1
736.3
739.5
742.4
745.3
748.1
753.4
758.6
763.3
767.9
772.3
776.5
780.5

7113
7123
716.4
721.1
7255
729.8
733.6
737.6
741.2
7445
748.0
751.2
7543
757.3
760.1
762.9
768.3
773.4
778.1
782.8
787.2
791.4
795.5

7255
726.4
730.5
735.1
739.6
743.7
7475

679.4
683.4
687.3
690.9
694.4
697.7
701.0
704.1
707.1
712.8
718.2
723.2
728.1
732.6
737.0
741.1

678.5
679.7
684.4
689.9
695.0
699.8
704.2
708.4
712.5
716.2
719.9
723.4
726.7
729.9
733.0
736.0
741.8
747.3
752.3
757.2
761.8
766.2
770.5

693.6
694.7
699.4
704.8
709.9
714.6
719.0
723.2
727.2
731.0
734.6
738.1
741.4
744.6
747.8
750.7
756.5
762.0
767.1
771.9
776.6
781.0
785.2

707.7
708.9
7135
718.8
723.9
728.4
732.8

665.5
670.0
674.1
678.1
682.0
685.5
689.1
692.4
695.7
701.7
707.5
712.8
717.9
722.7
727.3
731.6

660.6
661.9
667.4
673.7
679.6
684.9
689.9
694.6
699.0
703.1
707.1
711.0
714.6
718.1
721.4
724.7
730.8
736.6
742.0
747.2
752.1
756.8
761.3

675.6
676.9
682.3
688.5
694.1
699.4
704.4
709.0
713.4
717.4
721.4
725.3
728.8
732.3
735.7
738.9
744.9
750.8
756.1
761.4
766.2
770.9
775.4

689.8
691.0
696.3
702.4
708.0
7133
718.1

651.6
656.5
661.1
665.5
669.6
673.5
677.3
680.8
684.3
690.8
696.9
702.6
708.0
713.0
717.9
722.3

639.2
643.3
649.9
657.1
663.8
669.8
675.3
680.6
685.4
689.9
694.3
698.4
702.4
706.1
709.7
713.2
719.8
725.9
7317
737.1
742.3
T47.2
751.9

654.2
658.4
664.8
671.8
678.4
684.3
689.7
694.9
699.7
704.2
708.5
7125
716.5
720.2
723.8
727.2
733.8
739.9
745.7
751.1
756.2
761.2
765.8

668.3
672.6
678.7
685.7
692.1
698.0
703.3

637.5
643.0
648.0
652.8
657.2
661.5
665.5
669.3
673.1
680.1
686.5
692.5
698.2
703.4
708.5
713.4

619.4
624.0
631.7
640.3
647.8
654.6
660.8
666.6
672.0
676.9
681.6
686.0
690.4
694.3
698.1
702.0
708.9
715.5
721.5
727.3
732.6
737.7
742.8

634.4
639.0
646.6
654.8
662.2
668.9
675.0
680.6
686.0
690.9
695.5
699.9
704.2
708.2
712.0
715.7
722.7
729.2
735.2
741.0
746.3
7515
756.4

648.9
653.5
660.8
668.8
676.0
682.6
688.6



30 762.4 751.5 737.0 722.7 708.4 694.2
35 765.7 755.1 741.0 727.0 713.2 699.5
40 769.0 758.4 7447 731.1 717.8 704.4
45 772.1 761.8 748.3 735.0 722.1 709.0
50 775.1 765.0 751.8 738.9 726.1 713.4
55 778.0 768.2 755.1 7424 729.9 717.6
60 780.8 771.1 758.4 745.9 733.7 721.6
65 783.5 774.0 761.5 749.3 737.2 725.3
70 786.2 776.8 764.5 752.5 740.6 729.1
80 791.3 782.1 770.2 758.6 747.3 736.1
90 796.2 787.3 T775.7 764.4 753.4 742.6
100 800.8 792.1 780.8 769.8 759.1 748.6
110 805.2 796.7 785.7 775.0 764.6 754.4
120 809.4 801.1 790.3 779.9 769.7 759.7
130 813.5 805.3 794.8 784.6 7747 764.9
140 817.5 809.4 799.1 789.1 779.3 769.9
0.8469 0.1 749.5 736.5 718.7 700.8 679.2 660.0
1 750.4 737.4 719.9 702.0 683.7 664.6
5 754.0 741.4 7244 707.2 689.7 671.7
10 758.2 746.0 729.6 713.2 696.5 679.6
15 762.3 750.4 734.6 718.8 702.9 686.8
20 766.1 754.6 739.2 723.9 708.6 693.2
25 769.7 758.3 743.6 728.8 714.0 699.2
30 773.2 762.3 T747.7 733.3 719.1 704.7
35 776.6 765.9 751.7 737.7 723.8 710.0
40 779.8 769.2 755.5 741.7 728.3 714.8
45 782.9 7725 759.0 745.6 732.6 719.4
50 785.9 775.8 762.5 749.5 736.6 723.8
55 788.8 778.9 765.8 753.0 740.5 728.0
60 791.6 781.9 769.0 756.5 744.2 732.0
65 794.3 784.7 772.1 759.8 747.8 735.8
70 797.0 787.5 775.1 763.1 751.2 739.5
80 802.1 792.8 780.9 769.1 757.8 746.5
90 807.0 798.0 786.3 775.0 763.9 753.0
100 811.6 802.8 791.4 780.4 769.6 759.0
110 816.0 807.5 796.4 785.5 775.1 764.8
120 820.2 811.8 801.0 790.5 780.3 770.1
130 824.3 816.1 805.5 795.1 785.2 775.4
140 828.3 820.2 809.8 799.7 789.9 780.4
1.0000 0.1 763.8 750.7 733.0 715.0 696.4 677.3
1 764.7 751.6 734.0 716.2 697.9 679.0
5 768.2 755.6 738.5 721.3 703.8 685.9
10 7724 760.1 743.6 727.2 710.5 693.5
15 776.4 764.5 748.6 732.7 716.7 700.6
20 780.2 768.6 753.1 737.8 722.4 706.9
25 783.7 772.3 757.5 742.6 721.7 712.8
30 787.3 776.2 761.5 747.1 732.7 718.3
35 790.6 779.7 765.5 751.4 737.4 7235
40 793.8 783.1 769.2 755.4 741.9 728.3
45 796.9 786.4 7727 759.3 746.1 732.8
50 799.8 789.7 776.2 763.0 750.0 737.2
55 802.8 792.7 779.6 766.6 754.0 741.4
60 805.6 795.7 782.7 770.1 757.7 745.3
65 808.3 798.6 785.8 773.4 761.2 749.1
70 811.0 801.4 788.8 776.7 764.6 752.8
80 816.1 806.7 794.6 782.7 771.2 759.7
90 821.0 811.9 800.0 788.5 777.3 766.2
100 825.5 816.7 805.2 794.0 783.0 772.3
110 830.0 821.4 810.0 799.2 788.5 778.1
120 834.2 825.7 814.7 804.0 793.6 783.4
130 838.3 830.1 819.3 808.7 798.6 788.6
140 842.1 834.2 823.5 813.3 803.3 793.6

No data were found in the literature for the same binary
mixtures at high pressure or high temperature.

The density data of pure substances and binary mixtures at
different temperatures and pressures have been adjusted to a
Tait-like equation of state:

p,(T)

(Tp)=
o BM+p
B(T)+01MPa 5)
where
po(T) = Ay + AT + AZT2 (6)
B(T) = By + BT + BZT2 @)

Mention here that the A;, B; and C parameters values were
determined by correlating simultaneously for each composition
(138 values) the experimental densities values versus pressure
and temperature. The Tait-correlation parameters with the
AAD, MD, Bias and standard deviation (o) obtained with this
correlation for each mole fraction are given in Table 2. The
maximum deviation occurs at (T = 393.15 K and p = 1 MPa)
for x, = 0.8469.

Table 2. Obtained Parameters and Deviations for Density
Correlation by using equation 5 for x DBE + (1-x) heptane.

X 0.0000 03256 05007 0.6735 0.8469  1.0000
; g‘;]_g, 09643 08377 08564 08814 08929  0.9646
R
g’é;#OK,l 43190 -0.4046 -05997 -1.2492 -1.2894 -4.9524
Az10° 50880, 13110 -1.2858 -11888 -1.1816 05991
gem®K? : o - - - "
N?; . 33075 34206 33999 32267 34833 34841
MPBalK'l 42731 -1.3182 -12933 -1.1831 -13117 -1.2810
Bs107
orl0. 1253 1200 1248 1087 1256 1217
C 00886 00855 00850 00846 00848 00863
AP 001 006 006 005 006 0014
'\&D 005 046 046 047 048 004
Bias
: 0001 0014 0014 0012 0015  0.003
T
g_ clr?ﬁ 0943 595 604 58 629 128
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Notice that the AAD and the standard deviations are lower
than the experimental uncertainty; consequently equations 5 to
7 make it possible to interpolate the density at any T, p
conditions. Figures 1(a) and (b) show the variation of density as
a function of temperature at p = (0.1 and 140) MPa at different
mole fractions of DBE: x,= 0.0, 0.3526, 0.5007, 0.6735 0.8469
and 1.0. As usual, density decreases when temperature
increases. This figure show that, as the temperature interval
considered here is sufficiently large, the density versus
temperature is non-linear (more particularly at low pressure)
which justifies the use of equation 5.
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Figure 1: experimental values of the densities, p, for
different mole fractions of x DBE + (1-x) heptane vs. (a) the
temperature T, at 0.1 MPa, (b) the temperature T, at 140 MPa.
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Figure 2: experimental values of the densities, p, for
different mole fractions of x DBE + (1-x) heptane vs. (a) the
pressure p, at 298.15 K and (b) the pressure p, at 373.15 K.

Figures 2 (a) and (b) show the variation of density as a
function of pressure at T = (298.15 and 373.15) K at different

626

mole fractions of DBE: x; = 0.0, 0.3526, 0.5007, 0.6735,
0.8469 and 1.0. Following the same behavior, density increases
when pressure increases. The shape of the isothermal curves of
the density versus pressure is compatible with the logarithmic
relationship used in the Tait-type density relation used to model
the influence of pressure on density.

CONCLUSION

826 experimental density data for the compressed liquid
phase of the binary systems DBE + heptane have been
measured at 298.15, 313.15, 333.15, 353.15, 373.15 and 393.15
K and at pressures up to 140 MPa (23 isobars), with an absolute
uncertainty of 0.7 kg-m®. Pure compounds and four
intermediate mole fractions, x; = 0.3526, 0.5007, 0.6735 and
0.8469, are reported. For each composition, the experimental
values were correlated using a Tait-type equation. As the
temperature interval considered here is sufficiently large, the
density versus temperature is non-linear. Also the shape of the
isothermal curves of the density versus pressure shows a
logarithmic relationship. High temperature and pressure data
could serve to validate equations of state which are reliable for
the increasingly use of industrial and engine processes.

AKCNOWLEDGEMENT
Support for this work came from the Ministerio de Ciencia
e Innovacidn. Spain. Project ENE2009-14644-C02-02

REFERENCES

[1] Directive 2009/28/EC of the European Parliament and of the
Council on the promotion of the use of energy from renewable
sources.

[2] Directive 2009/30/EC of the European Parliament and of the
Council as regards the specification of petrol, diesel and gas-oil and
introducing a mechanism to monitor and reduce greenhouse gas
emissions.

[3] Alaoui F., Montero E., Bazile J. P., Aguilar F., Boned C., Liquid
density of bio-fuel additives: 1-Butoxybutane (DBE) at pressures up
to 140 MPa and from 293.15 K to 393.15 K, J. Chem. Eng. Data,
Vol. 56, 2011, pp. 595-600.

[4] Alaoui F., Montero E., Bazile J. P., Aguilar F., Boned C., Liquid
density of biofuel mixtures: (Dibutyl ether + 1-butanol) system at
pressures up to 140 MPa and temperatures from (293.15 to 393.15)
K, J. Chem. Thermodyn., Vol. 43, 2011, pp. 1768-1774.

[5] Alaoui F., Montero E., Qiu G., Aguilar F., Wu J., Liquid density of
biofuel mixtures: 1-Heptanol + heptane system at pressures up to
140 MPa and temperatures from 298.15 K to 393.15 K, J. Chem.
Thermodyn., VVol. 65, 2013, pp. 174-183.

[6] Alaoui F., Montero E., Bazile J. P., Aguilar F., Boned C., (p, VE, T)
measurements of Mixtures (DBE + Alcohol) at Temperatures from
(293.15 to 353.15) K and at Pressures up to 140 MPa, Fluid Phase
Equilib., Vol. 363, 2014, pp. 131-148.

[7] Comufias M. J. P., Bazile J. P., Baylaucq, A., Boned C., Density of
Diethyl Adipate using a New Vibrating Tube Densimeter from
(293.15 to 403.15) K and up to 140 MPa. Calibration and
Measurements, J. Chem. Eng. Data, Vol. 53, 2008, pp. 986-994.

[8] Lagourette B., Boned C., Saint-Guirons H., Xans P., Zhou H.,
Densimeter calibration method versus temperature and pressure,
Meas, Sci. Technol. Vol. 3, 1992, pp. 699-703.

[9] Wagner W., Pruf A., The IAPWS Formulation 1995 for the
Thermodynamic Properties of Ordinary Water Substance for General


http://jpcrd.aip.org/resource/1/jpcrbu/v31/i2/p387_s1
http://jpcrd.aip.org/resource/1/jpcrbu/v31/i2/p387_s1

and Scientific Use, J. Phys. Chem. Ref. Data, Vol. 31, 2002, pp.
387-535.

[10] TRC, Thermodynamic Tables, Texas A&M University, College
Station, 1996.

627


http://jpcrd.aip.org/resource/1/jpcrbu/v31/i2/p387_s1

	Materials
	Measurement Technique. Experimental Procedure
	Calibration procedure

