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Abstract — This work was to calibrate Anton Paar 512P vibrating tube densimeter which is a special
type for density measurement under high pressure (up to 70 MPa) and temperature (up to 420 K) and
checked the validity of the new apparatus. Calibration was performed with water, nitrogen and water, vacuum
as reference fluids. Temperature is measured from 313.15 K and 353.15 K at 10 K intervals, and pressure
is measured up to 30 MPa at 5 MPa intervals, respectively. To check the validity of new apparatus and’
the calibration method we compared the values obtained by measuring density of carbon dioxide with those
given by NIST Thermophysical Properties of Pure Fluids Database. The average deviations between the
NIST and the experimental data were 0.3% with water and nitrogen as reference fluids.
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Fig. 1. Principle of hydrometer.
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Fig. 2. Principle of pycnometer.
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Table 1. Density measurement method.
Hydrometer Pycnometer U-Tube
Volume of sample >100 ml 10 to 100 m/ 1 m/
Time per measurement A few minutes A few hours A few minutes

Uncertainty of measurement 107 to 107 g/em?

10 to 107 g/om? 107 to 107 g/em?

Repeatability 107 to 107 g/em’

107 to 107 g/em’® 10~ to 107 g/em’

Limiting factors .
& human influence

temperature surface tension

temperature volume determination

. dynamic effects
human influence Y
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Fig. 5. Schematic diagram of experimental apparatus.

(1) U-tube; (2) Air bath; (3) View cell; (4) Digital pressure
transducer; (5) Digital thermometer; (6) U-tube indicator,
(7) High pressure generator ; (8) Pressure gauge; (9) Water
or Nitrogen bomb; (10) Trap; (11) Vacuum pump; (12} Gas
booster; (13) CO, bomb; (14) fast response PRT
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Fig. 6. Oscillation periods of vacuum.
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Fig. 9. Density of carbon dioxide; reference fluids - water
and vacuum.

Table 2. Deviation of CO,.

Deviation(exp-nist)
lexp x 100

Temperature |  Pressure Reference Reference
K (MPa) fluids fluids
(water, (water,

vacuumy) nitrogen)
313.15 0.327 0.170
323.15 1.005 0.268
333.15 5~30 0.601 0.603
343.15 1.592 0318
353.15 1.590 0.217
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Fig. 10. Density of carbon dioxide; reference fluids -
water and nitrogen.
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