
ФИЗИКА                                                            2005                                                       ЖИЛД XЫ №3 
 

 70

 

THE EXPERIMENTAL INVESTIGATION OF P-ρ-T DEPENDENCE OF METHANOL-WATER 
SOLUTIONS IN THE TEMPERATURE INTERVALS FROM –30°C TILL 30°C AND 

PRESSURE 1-200 BAR 
 

F.G. ABDULLAYEV, O.A. AGAYEVA, U.A. JABIYEV, D.A. JAFAROVA 
Azerbaijan State Oil Academy 
370012, Baku, Azadlig av., 20 

 
The experimental investigation of P-ρ-T dependence of the three binary solutions methanol-water with the molar compositions 75-25%, 

50-50% and 25-75% in the temperature intervals from –30°C till 30°C and the pressure 1-200 bar. For the density measurement the good 
treated technique of the piezometer of the constant volume was used. The error of the obtained data doesn’t exceed +-0,1%. 

 
For the carrying out of experimental investigation of P-ρ-T 

dependence of methanol-water solution the experimental 
installation, earlier created by us, working by the method of 
the piezometer of the constant volume, was used [1]. The 
main element of the installation is thick-walled piezometer of 
the spherical form from the stainless steel 1X18H9T, which 
has the external diameter 140 mm, internal diameter 62 mm 
and volume ~123 cm3 at t=20°C and P=1 bar. The two thin 
capillaries from the same stainless steel by the internal 
diameter 0,4 mm and wall thickness 0,8 mm are soldered in 
the lower connecting pipe of piezometer. With the help of the 
central capillary, the piezometer connects with fixing device 
and the system of the creation and measurement of the 
pressure, and the second capillary is used for the filling of the 
piezometer by the liquid and output of the last. 

The use of the capillaries of the small diameter (0,4 mm) 
and the gate of the special construction allows us to lead the 
ballast volume to the very small value (0,2 cm3), which is 
near 0,15% from the total piezometer volume, moreover, the 
capillary volume, situated in the band of the transitional 
temperatures (from thermostat temperature till room one) is 
equal 0,06 cm3, i.e. 0.04% from piezometer volume. 

All installation nodes, with which the investigated liquid 
and mercury connect, are produced from the stainless steel 
1X18H9T. The choice of this steel is caused by its high 
anticorrosive properties. Moreover, nowadays its physical 
properties have been investigated in detail that allows us to 
calculate the corrections on piezometer deformation with 
exactness in the dependence on the temperature and pressure. 

The piezometer thermostating is carried out in the liquid 
thermostat, supplied by the axial pump, providing the 
intensive circulation of the thermostating liquid on the 
contour, created by the small cylinder, where the pump is 
situated, by the big cylinder, where the piezometer is situated 
and the corresponding jet. For the improvement of the 
thermostating the liquid is given through the lower jet from 
the small cylinder to the big one tangentially. The intensive 
motion of the liquid provides the homogeneous temperature 
field on all thermostat volume and moreover, the regulation 
of the thermostat temperature and piezometer, consequently, 
with the investigated substance is carried out on the control 
for the temperature in the one point of the thermostat. The 
well heat transfer from the liquid to the piezometer 
accelerates the transition process from the one measurement 
mode to another one. 

For the obtaining and maintenance of needed 
temperatures in tests constantly we pass the water from 
ultratermostat through copper coil, being in thermostat at 
t=15°C. The vapour of liquid nitrogen, the expenditure of 

which was regulated thinly with the help of vacuum pump 
and needle valves of special constructions, were passed 
through coil at t<15°C. 

The pressure in the installation was created by the 
nitrogen supply into the autoclave and oil multiplier. The 
pressure though the mercury was passed to the investigated 
liquid. For the creation of the more high pressure the press of 
the deadweight ianometer MP-600 was used. Pressing by the 
press the nitrogen, situating in the oil multiplier and under the 
mercury in the autoclave, the pressure in the system with the 
initial pressure 80-100 bar can be reduce till 1000 bar. 

 In this paper the main attention is given to the assurance 
of high measurement accuracy of the experimental values: 
temperature, pressure and specific volumes (density). 

For the measurement of the temperature two platinum 
thermometers of the resistance were used. One of them is 

exemplary one with coefficient 39259.1
0

100 =
R

R
 and 

R0=9.9980 Om of VNIIFTRI construction and another (long) 
thermometer is produced also in VNIIFTRI taking under the 
consideration the demands to the exemplary resistance 
thermometers. The sensitive element of the second 
thermometer is carried out from the plane of PL-1 type with 

coefficient 39245.1
0
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R

R
 and has the resistance 

R0=10.9251 Om. 
The reading of both resistance thermometers coincided to 

0.01°C, that’s why in experiments only one thermometer was 
used often, and another one was used for the periodic control 
of the stability of thermometers in time.  

The excess pressures in the installation were measured by 
the deadweight ianometer MP-600 (class 0,01) and MP-60 
(class 0,05). The total maximal error of the pressure 
measurement practically corresponds to the class of the 
exactness of the piston manometer. 

It is need to note, that before the main experiment the 
special experiments on the pressure measurement of the 
saturated vapour of the simple water in the temperature 
interval from 200°C till critic one, were carried out on the 
installation. The obtained data are compared with the given 
ones of International constructional table [2]. The divergence 
on the pressure in all investigated temperature interval 
doesn’t exceed ±0.,02 bar that proves good agreement degree 
of the above mentioned measurement accuracy of the 
temperature and pressure. 

The specific volume of the investigated liquid is defined 
as partial from the division of piezometer volume of the 
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investigated liquid, filling the piezometer at the measured 
temperature and pressure. 

By analysis, of the measurement error of the main 
experimental values – temperatures, pressures, piezometer 
volume and mass of the investigated substance, it is 
established, that maximal sum relative fault of the density 
definition is equal  ≈±0,05-0,10%, which has been proved in 
the previous experiments with the simple water and toluol. 

After checking experiments, the density investigations of 
binary solutions methanol-water in the temperature interval 

from –30°C till 30°C and pressures from 1,0 till 200 bar had 
been begun. Toward this end three two-component solutions 
methanol-water with molar compound:75-25%, 50-50% and 
25-75% had been prepared. The solutions were prepared by 
the weighing ADB-200 on the analytical scales with the error 
±0,01% on mol. Moreover, the methanol by “ch.d.a.” type 
was used, which repeatedly was treated detail purification 
and the distillated water. 

  
   
The density measurements of each from the mentioned 

binary solutions were carried out on five quasi-isochore. On 
each quasi-isochore the measures were carried out with step 
10°C and 7 pressure values and densities had been obtained. 
In sum 126 experimental values of densities, which are given 
in the tables 1,2 and 3 were obtained. The internal agreement 
of the obtained data was checked by the construction of the 
different isothermal and isobaric cross sections. The 
divergence of the experimental points relatively smoothing 
curves doesn’t exceed ±0,01%. 

 
Fig.1. The dependence of the density of the binary solutions  

                 methanol-water on the concentration at P=50 bar. 

Moreover, the density dependences from the compound 
fig.1 and 2 had been constructed and then the data were used 
for pure water and methanol [2,3]. As it is seen from these 
figures the solution density methanol-water doesn’t obey the 
simple additivity law, and it is inclined to the side of the 
density decrease. The maximal inclination corresponds to 
molar compound ~50-50% and is equal 4,6 and 5,0% at the 
positive temperatures. With the temperature decrease this 
inclination decreases and changes the sign. 

 

 
  Fig.2. The dependence of the density of binary solutions  
             methanol-water on concentration at P=150 bar. 
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Such data for the given solution is absent in literature and 
have been obtained firstly at the given temperatures. 

 
Conclusions 
 
The measurements of P-ρ-T dependence of binary 

solutions of methanol-water with molar compounds75-25%б 
50-50% and 25-75% in the temperature intervals from –30°C 
till 30°C and pressures 1-200 bar were carried out on the 
experimental installation, working on the method of 
piezometer of the constant volume. In installation 
construction and technique of the measure carrying out the 
corresponding changes, taking under consideration the 
specific properties of the investigated substance and material 

and temperature region had been included. Firstly, the P-ρ-T 
dependences of three binary solutions methanol-water were 
measured on the given installation and the new density values 
had been obtained. The maximal relative error of the 
experimental data doesn’t exceed ±0,01%. 

The graph analytical treatment is established, that in the 
investigated temperature and density interval, the density of 
solution methanol-water doesn’t obey simple additivity law, 
and is inclined to the side of the density decrease. The 
maximal inclination corresponds to molar compound 50-50% 
and is equal 4,6 and 5,0% at positive temperatures. With the 
temperature decrease this inclination decreases and changes 
the sign. 
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МЕТАНОЛ – СУ ГАРЫШЫЬЫ  Р-ρ-Т АСЫЛЫЛЫЬЫНЫН  –300С–ДЯН 300С–YЯДЯК ТЕМПЕРАТУР ВЯ 1-200 БАР 
ТЯЗЙИГ ИНТЕРВАЛЫНДА ТЯЖРЦБИ ТЯДГИГИ 

 
300С-дян до 300С –йядяк температур вя 1-200 бар тязйиг интервалында 75-25%, 50-50% вя 25-75% мол тяркибли цч бинар 

метанол-су гарышыьынын Р-ρ-Т  асылылыьы тяжрцби тядгиг олунмушдур. Юлчцляр йцксяк дяряжядя тякмилляшдирилмиш сабит щяжмли 
пйезометр цсулу иля йериня йетирилмишдир. Алынан нятижялярин нисби хятасы ±0,1%-дян чох дейил. 
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ЭКСПЕРИМЕНТАЛЬНОЕ ИССЛЕДОВАНИЕ Р-ρ-Т ЗАВИСИМОСТИ РАСТВОРОВ МЕТАНОЛ-ВОДА В 

ПРЕДЕЛАХ ТЕМПЕРАТУР ОТ –300С ДО 300С И ДАВЛЕНИЙ 1-200 БАР 
 

Проведено экспериментальное исследование Р-ρ-Т зависимости трех бинарных растворов метанол-вода с мольными 
составами 75-25%, 50-50% и 25-75% в пределах температур от -300С до 300С и давлений 1-200 бар. Для измерения плотности ис-
пользована хорошо отработанная методика пьезометра постоянного объема. Погрешность полученных данных не превышает 
±0,1%. 
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