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Abstract: In this work, an apparatus for density measurements in the com-
pressed liquid regions is presented. This installation is based on the use of a
DMA HP density measuring cell and a DMA 5000 densimeter (both instru-
ments are products of Anton Paar, Gratz, Austria). Calibration of the DMA HP
cell was performed by applying the classical method in which a vacuum, water
and n-decane were recommended to be used as calibration fluids. To test the
capabilities of the set-up, the densities of n-hexane, toluene and dichloro-
methane were measured in the temperature interval 288.15 to 413.15 K and the
pressure range 0.1-60 MPa. The obtained results were compared with the
corresponding values found in the literature. Depending on the literature
selected for comparison (the temperature and pressure ranges available), the
average absolute percentage deviations were for n-hexane, 0.03-0.10 %; for
toluene, 0.04-0.08 % and for dichloromethane, 0.02-0.03 %. A deeper insight
into the results of this work showed that most of them were in good agreement
with the literature values; higher discrepancies were evidenced in the vicinity
of the ends of the temperature and pressure ranges.

Keywords: high pressure; elevated temperature; density; n-hexane; toluene;
dichloromethane.

INTRODUCTION

It is well known that density represents one of the most important properties
of fluids, from both the theoretical and practical points of view.

Namely, accurate density data can help to clarify molecular structure of pure
liquid substances and of their mixtures at defined temperatures, pressures and
composition. Some essential liquid properties that can be derived from density
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1074 IVANISet al.

measurements are thermomechanical coefficients, such as the isothermal com-
pressibility, x1, and the isobaric thermal expansion coefficient, ap. Based on
these properties, the internal pressure, important for studying attractive and repul-
sive forces present in liquids, can also be determined. By coupling the mentioned
isothermal and isobaric properties, xt and ap, and by using the isentropic com-
pressibility kg (that is related to the thermodynamic speed of sound), some addi-
tional properties can be calculated; in this respect, the isobaric heat capacity and
the difference in the isobaric and isothermal heat capacity (C,—Cy) could be men-
tioned.

From the practical point of view, density data are of utmost importance in
the development of new and the testing of existing equations of state; these
equations have significant value in the design and operation of production plants
in chemical and related process industries.

In our group, over alonger period, some important physical/thermodynamic
and transport properties have been investigated; the obtained results were correl-
ated and several modern prediction methods were tested. Mostly, pure non-elec-
trolyte substances and mixtures were investigated, although systems with ionic
liquids were also included.}> These activities were performed under ambient
pressure and in the temperature range up to 333.15 K.

In this work, the results of an effort to extend the research to the conditions
of elevated temperatures and high pressures are presented. In this respect, the
proposed apparatus, based on the principle given by Gardas et al., was deve-
loped and constructed. The classical method of Lagurette et al.,’ that was rec-
ently adjusted by Comunias et al.8 for use in broad ranges of temperature and
pressure, was chosen for calibration. A vacuum and water were used as calib-
ration fluids, except under conditions where water was no longer in liquid state,
when the calibration fluids were vacuum and n-decane. The proposed set-up was
tested using n-hexane, since it was suggested as a model substance for com-
pressed simple liquids.9-12 In addition, toluene and dichloromethane were also
selected for testing the employed device and the experimental procedure followed.

EXPERIMENTAL
Materials

n-Hexane, n-decane and toluene were purchased from Merck with purities of >99.0, >99
and >99.9 mass %, respectively. Sigma-Aldrich supplied dichloromethane with a purity of
>99.9 mass %.

The purities of the used substances were checked by comparing their measured densities
at atmospheric pressure and at various temperatures with the corresponding literature values
(Table S-I of the Supplementary materia to this paper) and they were in a good agreement,
within 0.2, 0.5 and 0.7 kg m3 for n-hexane, toluene and dichloromethane, respectively.

Nitrogen 5.0 was provided by Messer Tehnogas, AD, with a purity of >99.999 mass %.
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DENSITY MEASUREMENTS AT HIGH PRESSURES 1075

The double deionized Millipore water, provided by Veolia IonPRO-LX MKII system,
was used as a calibration fluid. The treated water has a specific conductivity of 2.5 uS cm!
and a specific resistance of 18 MQ cm.

Apparatus — Description of the set-up

The compressed liquid densities at various temperatures and pressures were experi-
mentally studied, employing an Anton Paar DMA HP density-measuring cell for high pres-
sures and temperatures, connected to an Anton Paar DMA 5000 vibrating tube densimeter, as
shown schematically in Fig. 1.

Fig. 1. Scheme of the apparatus for measuring densities at high pressures and elevated
temperatures.

As mentioned in the introductory section, the proposed apparatus has been based on the
principle proposed by Gardas et al.,® although some additional parts of equipment have been
brought into the system to construct the set-up.

The apparatus was used in broad ranges of temperature and pressure, varying between
288.15413.15 K and 0.1-60 MPa, respectively. Each selected temperature was controlled
with an integrated Peltier thermostat and the expanded uncertainty (coverage factor k = 2) for
the temperature was 0.01 K.

A pressure generator, model 50-6-15, from High Pressure Equipment Co. (HiP), was
used to adjust and control the pressure in the system; acetone was used as a hydraulic fluid, as
proposed in the literature.5 The pressure in the system was measured using a pressure trans-
ducer WIKA, S-10, Alexander Wiegand GmbH & Co. The transducer was calibrated up to 60
MPa and the expanded uncertainty (k = 2) for the pressure was 0.05 MPa.

The period of tube vibration,  was read on the display of the DMA 5000 densimeter
with adigital counter; the vibrating period was displayed to seven significant digits.

All tubing (/16" and 1/8” O.D.), the high-pressure valves and other high-pressure
fittings shown in Fig. 1 are products of HiP Co, USA.
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1076 IVANISet al.

A syringe pump, enabling precise flow control during charging of the sample fluid, was
used in order to avoid the formation of micro-bubblesin the capillary tube of the densimeter.

The assembly presented in Fig. 1 incorporates additional pieces of equipment, some of
them are mentioned here: the DuoSeal vacuum pump, Welch model 1400, capable to reach an
ultimate vacuum down to ca. 0.133 Pa (0.001 torr); the vacuum was indicated by a Pirani—
—Penning instrument; a KGW Isotherm cold trap was situated near the entrance of the pump;
in addition, a compressed nitrogen bottle was included in the installation. The stainless steel
spiral buffer tube (/16" O.D. and ca. 1.5 m long) guaranties the absence of diffusion of the
hydraulic liquid contained in the densimeter cell .6

Transferring of the collected data (period of oscillation of U-tube, cell temperature and
pressure) from the DMA HP to the DMA 5000 was enabled by connecting the S-BUS inter-
face of the DMA HP and DMA 5000.

The APSoftPrint software program (a Microsoft Excel Add-1n) was employed to read out
and transfer the measured values to a PC.

Loading of the set-up with the pressurizing fluid

To prepare the apparatus for experimental runs, the pressurizing fluid should be intro-
duced into the appropriate parts: the tubes (and fittings), connecting valves V, through Vs
(Fig. 1), and those that join the high-pressure generator (HPG) with the pressure transducer.
The HPG must also befilled.

To remove air from the parts of the installation described, the valves V3 and V5 are
opened, enabling access to the vacuum pump (valve V, is closed). After several hours of eva-
cuation, valve Vs is closed. Then, a Hamilton multilayer silicon rubber septum, being a part of
the pressurizing fluid reservoir (not shown in detail in Fig. 1), is penetrated by a needle of a
syringe containing degassed acetone. In this way, acetone will occupy the entire evacuated
space.

The measurement procedure

Before starting any run, the part of circuit between the syringe pump and valve V, (V5
and V4, were closed) was cleaned by successive use of ethanol and acetone to remove residues
from the previous sample; then dry nitrogen gas was circulated through this part of the system
for an appropriate period.

After a dight release of the connection between the buffer tube and the entrance of the
valve V.V, the syringe pump was started, dispensing the sample between the valves V; and
V,, until several drops of the fluid had been withdrawn from the apparatus; then the pump was
stopped and the mentioned connection tightened again. Since the tubes between the valves V1
and V, were filled with the sample, the valve V, was closed. Hence, the sample was intro-
duced into the system by the described operation. Now, when the desired conditions of
temperature and pressure in the cell were stable, the vibration period of the U-tube could be
determined.

In the present work, isothermal measurements were performed; at each selected iso-
therm, the pressure was imposed starting from its initial (lowest) value and elevating it
towards the maximum value. Hysteresis effects were checked at every isotherm. Then, the
temperature of the cell was changed and measurements at a new isotherm were performed.

Calibration

Since the vibrating tube densimeter does not generate directly the density values, it is
necessary to calculate the density from the measured period of the oscillation (under a defined
temperature T and pressure p).
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Based on the model of the performance of vibrating tube established by Kratky et al. 13
the period of vibration z(T,p) can be related to the sample density p(T,p) by alinear function
that incorporates two apparatus parameters A(T,p) and B(T,p):

p(T.p)=A(T,p)7*(T,p)-B(T.p) @)

According to the approach of Lagourette et al.,” who hypothetically assumed that the
parameter A depends only on temperature while the parameter B remains dependent upon both
temperature and pressure, Eq. (1) could be rewritten in the form:

p(T.p)=A(T)z?(T,p)-B(T,p) @)

Use of this equation considerably simplifies the calibration of the densimeter (i.e., the
determination of its parameters A(T) and B(T,p)). This method has to be performed by
measuring the oscillating period of the evacuated tube over the entire temperature range of
interest. In addition, the period of the tube full of the chosen reference fluid, having the
certified density, has to be measured over the entire temperature and pressure ranges of the
experimental significance. Lagourette et al.” performed the calibration using the accurate
density values for water of Kell and Whalley4 in the temperature and pressure ranges 293.15—-
—373.15 K and 0.1-40 MPa, respectively.

Comurias et al.8 adjusted the calibration procedure of Lagourette et al.” in order to make
it suitable for the new equipment (Anton Paar DMA HPM), enabling measurements in broad
ranges of temperature and pressures up to 403.15 K and up to 140 MPa, respectively.

Thus, the procedure of Comurias et al.8 was employed to calibrate the Anton Paar DMA
HP densimeter included in Fig. 1.

In that sense, the period of the oscillation of the evacuated tube was measured over the
entire temperature range indicated previously.

For the specific volume of water, Fisher and Dial1® selected the Tumlirz equation in the
form given in the analysis of Eckert:16

A
Po+ P
where V,, / cm? g1 is the specific volume as a function of pressure and temperature; V., / cm?
g1,/ bar cm® gl and py / bar, are the pure water parameters. For these parameters, analytical
functions were obtained® that, in conjunction with Eq. (3), accurately represent the high

precision data of Kell and Whalleyl” (within 8 ppm from 273.15-373.15 K and within 15 ppm
from 373.15-423.15 K, up to 100 MPa):

V,, = 0.6980547 — 0.7435626x10°3T + 0.3704258x10°4T2 — 0.6315724x10°5T3 +
0.9829576x10°8T* — 0.1197269x10°°T° + 0.1005461x10 1176 — (4)
0.5437898x1014T7 + 0.169946x10°16T8 — 0.2295063x 10-19T9
. =1788.316+21.55053T — 0.4695911T2 + 3.096363x103T2 — 0.7341182x10°5T*  (5)
Po = 5918.499 + 58.05267T — 1.1253317T2 + 6.6123869x103T3 — 1.4661625x10°5T* (6)

Finally, the specific volume values for water, supplied in this way, were recalculated to
density. Accordingly:

a) a 0.1 <p<60MPaand 288.15 < T < 363.15 K, calibration of the cell was realized
using the data collected as described above and by employing Eq. (7),8 obtained by applying
Eq. (2):

Vp =V +

©)
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72(T,p) - Téae (T, P)
Toieter (T ,0.1M Pa) — TGacuum (T)

P(T,p)= pwaer (T, p)+ pwater (T,0.1 MPa) (7
here, pyae(T,P) is the density of water a T and p; pwae(T,p) represents the period of the
oscillation of the vibrating tube full of water at T and p; 7yacuum (T) Stands for the period of the
evacuated tube at temperature T.

b) At p=0.1 MPaand T > 373.15 K: under these conditions, water is no longer appro-
priate to be employed as the reference fluid because it exists in the gaseous state. In the pre-
sent work, n-decane was used, as proposed by Comufias et al.8 Hence, the data given in the
literature!® was employed; under these circumstances, the following relation was used instead
of Eg. (7), as shown in reference:®

1+

p(T,0.LMPa) = p1, gecane (T, 0.1 MPa)

72(T,0.1MPa) - 72 4 e (T,0.1 MPa) ®
72 gocane (T:0.1 MPa) — 72,m (T)

c) At p> 0.1 MPaand T >373.15 K, Eq. (9) given by Comurias et al.® was used in the
present work:

P(T.P) = Puater (T: P) + Pr-decane(T,0.1 MPa){ .

Th-decane

(T, p) - e (T. ) 9
(T ,01M Pa) —TZeum (T)

By employing the described calibration procedure in the temperature and pressure ranges
of interest (288.15413.15 K and 0.1-60 MPa, respectively), numerous measurements,
distributed on 16 isotherms were performed.

The parameters A(T) and B(T,p) of Eqg. (2) were determined using Egs. (10) and (11),
respectively, which were clearly presented in the explicit form by Segoviaet al.:1°

A(T)= Pref1(T,0.1MPa)
7241(T,0.1 MPa) — 725,um (T)

T (T, P)
Trzefl(T,O.l MPa) — Tgacuum (T

(10)

B(T, P) = prera(T,0.1 MPa) ] ~ Pret2(T. p) (11)
where p1 and p,> are the densities of reference fluids 1 and 2, respectively, and 7,1 and
Tref2 &€ the oscillation period of the U tube full of reference fluid 1 and 2, respectively. For
theinterval: 0.1 < p < 60 MPaand 288.15 < T < 363.15 K, both reference fluids are water. At
p=01MPaand T > 373.15 K, refl and ref2 refer to n-decane and a p > 0.1 MPa and
T>373.15 K, reference fluid 1 is n-decane while reference fluid 2 is water.

As could be seen from Fig. 2a, the values of A(T) decreased linearly with increasing
temperature, as expected according to the conclusions of Lagourette et al.” In addition, these
authors remarked that the ratio of the calibration parameters A(T)/B(T,p) is practicaly
independent of pressure. This observation was appraised by a number of authors who emp-
loyed various cdibration fluid pairs.1%21 In each of these cases, it was shown that the ratio
A(T)/B(T,p) decreased dlightly with increasing pressure. The dependence of the ratio of the
calibration parameters on pressure at the selected isotherms chosen in the present work is
demonstrated is Fig. 2b.

The calculated expanded uncertainty of the density measurements with a coverage
probability of 95 % (coverage factor k = 2) is 1.7 kg m3 in the temperature interval 288.15—
—363.15 K, and 2.7 kg m3 at temperatures 373.15-413.15 K.
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Fig. 2. The calibration parameters: a) dependence of A(T) of the temperature, 288.15-413.15
K, b) theratio of the A(T)/B(T,p) vs. pressure at different temperatures: (l) 288.15, (O)
303.15, (A) 318.15, (V) 333.15, (®) 343.15, (K) 353.15, (%) 363.15, (0J) 373.15,
(@) 393.15and (A) 413.15K.

The influence of viscosity of the substances on density was also studied. A personal
correspondence with the supplier Anton Paar provided the information necessary for the
calculation of density correction due to damping effects on the vibrating tube. Assuming that
temperature has a greater impact on viscosity than pressure and that the viscosity decreases
with increasing temperature, literature data??24 for the viscosity at lower temperatures from
the interval of interest in this work were used for the calculation. The calculated differences
between the densities presented in this work and those corrected because of the viscosity
effect for all three examined substances were under 0.03 kg m3, which was significantly
lower than the calculated value of the expanded uncertainty for density and hence the vis-
cosity influence on density were neglected.

RESULTS AND DISCUSSION

With the intention of checking the quality of the calibration parameters
obtained in this study, the densities of n-hexane, toluene and dichloromethane,
were experimentally determined and compared with some corresponding liter-
ature data.

The vibration periods of the U tube within the DMA HP densimeter full of
samples, n-hexane, toluene or dichloromethane, were measured in the tempe-
rature range 288.15-413.15 K, at 16 isotherms, and at pressures up to 60 MPa.
The densities of the measured substances were calculated by application of Egs.
(3)+9) and the obtained values are presented in Tables S-11-V of the Supple-
mentary material to this paper.

The following criteria, the absolute average percentage deviation (AAD), the
percentage maximum deviation (MD) and the average percentage deviation
(Bias) were used to evaluate the quality of the agreement of the obtained expe-
rimental results with the corresponding literature values:
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N | ,&xp _ it
aap =205 A A (12)
N o Pi
eXp it
MDmax{lOOuJ; i=1N (13)
exp
P
100 [ p&P - plit
BIaS:— # (14)
N i=1 Pi

where N stands for the number of experimental points, pexp denotes the expe-
rimental density and pjj; isthe density value from the selected literature.

n-Hexane

The measured data for n-hexane (Table S-11) were compared with the den-
sities given in the work of Troncoso et al.2> in the temperature range 288.15—
—313.15 K and at pressures up to 40 MPa. The comparison presented in Fig. 3a
shows that the present measurements are in accordance with the tabulated data of
Troncoso et al. (AAD = 0.03 % (less than 0.2 kg n3), MD = 0.09 % and Bias =
= —0.02 %). The agreement with the values of Daridon et al.26 is moderate in the
presented region (AAD = 0.08 % (less than 0.6 kg m=3), MD = 0.22 % and Bias =
—0.08 %).
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Fig. 3. Comparison of the experimental densities of n-hexane with literature values:

a) Troncoso et al ;11 (—O—), 288.15, (—O—) 293.15, (—A—) 298.15, (—V —) 303.15,
(—<>—) 308.15 and (—*—) 313.15 K, and Daridon et al.:25 (W) 293.15, (®) 303.15 and (A)
313.15; b) Daridon et al.:%5 (W) 293.15, (O) 303.15, (A) 313.15, (V) 323.15, () 333.15,
(K) 343.15, () 353.15, () 363.15 and (@) 373.15K.

The obtained experimental results were compared with the tabulated data of
Daridon et al.26 in the temperature interval 293.15-373.15 K and at pressures up
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DENSITY MEASUREMENTS AT HIGH PRESSURES 1081

to 60 MPa. The calculated deviations were: AAD = 0.10 % (less than 0.7 kg m—3),
MD = 0.29 % and Bias = —0.01 %, as shown in Fig. 3b.

In addition, the measurements were compared with the density data of San-
mamed et al.27 in the regions; 288.15-323.15 K and up to 60 MPa. The obtained
values of the criteria were: AAD = 0.05 % (less than 0.4 kg m—3), MD = 0.17 %
and Bias = —0.04 % that could be considered as acceptable.

In conclusion, the density measurements are in very good agreement with
those of Troncoso et al.2>, as well as in accordance with those of Sanmamed et
al.27 On the other hand, the agreement with the tabulation of Daridon et al.,26
which were based on speed of sound measurements, are less good than expected,
but should be emphasized that the densities reported in the literature?6 belong to
amuch wider temperature interval.

Toluene

The experimental densities of toluene, given in Table S-I1I, were compared
with those obtained from the equations proposed by Cibulka and Takagi2® over
the entire temperature and pressure ranges of interest in the present work. The
AAD of the comparison was 0.04 % (less than 0.3 kg m=3), the MD was 0.12 %
and the Bias was —0.04 %; hence, it could be concluded that the results obtained
in the present study are in good agreement with those calculated by the procedure
proposed in the literature.28 This fact could be noticed by inspecting Fig. 4.

Density data of the present work were also compared with the data
calculated from the fit given by Assael et al.29 in the temperature range 288.15—
373.15 K and up to 60 MPa. The values of the criteriafor this comparison were:
AAD = 0.08 % (less than 0.7 kg m™3), MD = 0.15 % and Bias = -0.08 %. It
should be emphasized that the dispersion of the present data corresponded to that
givenin Fig. 2 of reference.29

Es

0.0 4
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o 1D

I
H

> e

y
4

5 Fig. 4. Comparison of the experi-
o mental densities with those obtained
using the equation reported by Ci-
bulka et al.28 for toluene at various
temperatures. (M) 288.15, (O)
303.15, (A) 318.15, (V) 333.15,
. ' - ' — (@) 343.15, (X) 353.15, (%)
363.15, (0O) 373.15, (@) 393.15
p/MPa and (A) 413.15K.
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1082 IVANISet al.

In order to assess the obtained densities, an additional comparison was made.
Namely, Segovia et al.1® gave a set of density data at various temperatures and
pressures (288.15-393.15.15K and up to 60 MPa). These data were fitted to the
modified Tammann-Tait equation for comparison with the densities given in the
present work:

ref
p= P (15)

1_C.n(BU)+pj
B(T)+ p'f

where p'® is density at the reference pressure, p'®f, which was chosen to be 0.1
MPa. The parameter C was treated as temperature independent and B(T) was
obtained using the polynomial expression:

2
B(T)=) bTi (16)
i=0
The values of the individual criteria were: AAD = 0.05% (less than 0.4 kg
m—3), MD = 0.09 % and Bias = —0.04 %.
By reviewing the values of the criteria mentioned above, it could be noticed
that the densities reported herein are in close agreement with the corresponding
results appearing in the literature.

Dichloromethane

Gongalves et al.22 presented a correlation for calculating the densities of
dichloromethane in broad ranges of temperature and pressure that was used for
comparison with the present data measured in the temperature interval 288.15—
—413.15 K and under pressures of up to 60 MPa (presented in Table S1V).
Deviations between these two density sets were: AAD = 0.03 % (less than 0.4 kg
m3), MD = 0.13 % and Bias = —-0.002 %, indicating good agreement that is vis-
iblein Fig. 5.

In the work of Lugo et al.,20 a density data set for dichloromethane was
presented, covering temperature and pressure ranges of 293.15-353.15 K and
0.1-25 MPa. The present measurements were compared with the density values
presented therein; the following deviations were reached: AAD = 0.03 % (less
than 0.4 kg m—3), MD = 0.04 % and Bias = —0.03 %, showing good agreement
between the two sets of data.

In addition, the densities of dichloromethane given by Demiriz30 in broad
temperature and pressure ranges were employed to assess the densities from the
present work. These data3! were fitted to the Tammann-Tait equation, according
to Egs. (15) and (16) and in this case p'® was 1 MPa in the ranges: 270430 K
and up to 60 MPa. The densities obtained in the present work agreed quite well
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DENSITY MEASUREMENTS AT HIGH PRESSURES 1083

with those estimated using this fit. The deviations achieved were: AAD = 0.03 %
(less than 0.5 kg m3), MD = 0.30 % and Bias = —0.03 %.

Values of the criteria given in this section could be considered as good and
acceptable compared to those reported by the other authors.

°
o 014
é ﬁ L B
e n 2708
\i 00l 4 a § 5 3 § A A A 2 £
S © o s % % § g 0 Fig. 5. Comparison of experimental
= LA A densities with those obtained using
X o1 A D a A the equation reported by Gongalves
S A et al.2* for dichloromethane at var-
ious temperatures: (M) 288.15, (O)
303.15, (A) 318.15, (V) 333.15,
02 ; I : . - — (@) 34315, (X) 353.15, (%)
0 20 40 % 36315, (O) 373.15, (®) 393.15
p/MPa and (A) 413.15K.
CONCLUSIONS

In thiswork, an apparatus proposed for compressed liquids density measure-
ment over broad ranges of temperature and pressure was described. The Anton
Paar DMA HP and Anton Paar 5000 represent the central parts of the set-up. This
variable volume apparatus makes use of a buffer tube, as proposed by Gardas et
al. The DMA HP was calibrated by applying the method of Comufias et al.8 in
the temperature and pressure ranges. 288.15 to 413.15 K and 0.1-60 MPa, res-
pectively. The present density measurements for n-hexane, toluene and dichloro-
methane were compared with the corresponding literature values. This assess-
ment showed good quality of the measurements performed. Thus, it could be
expected that the recommended apparatus could be reliably applied for measur-
ing the density of a number of other compressed liquids in broad ranges of tem-
peratures and pressures.

SUPPLEMENTARY MATERIAL

The experimental values of the densities of n-hexane, toluene and dichloromethane at
different temperatures (288.15-413.15 K) and pressures (0.1-60 MPa), as well as at atmo-
spheric pressure, are available electronically from http://www.shd.org.rs/JSCS/, or from the
corresponding author on request.
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U3BOJ
ATIAPATYPA ITPEJIJIOXXEHA 3A MEPEILE 'YCTUHA ¥ OBJIACTH KOMIIPUMOBAHE
TEUHOCTH O 0,1 1O 60 MPa U HA TEMIIEPATYPAMA O] 288,15 0O 413,15 K

TOPULIA P. UBAHHUIII, AJIEKCAHIIAP XX. TACHh, UBOHA P. PAJOBWHR, BOJAH 1I. OPREBHH,
CJIOBOJAH I1. ITEPBAHOBHWH n MUPJAHA Jb. KWJEBUAHUH

Texnonowxo-mewanypwxu Gaxyiteisi, Ynugepsuiteil y Beoipagy, Kapneiujesa 4, 11120, Beoipag

Y oBOM pafly je npenoXKeHa anaparypa 3a MEPERE IyCTHHE y 00/1acTH KOMIIPUMOBaHUX
TeyHocTd. WHcTananuja ce 3acHuBa Ha kopuurhewy henuje 3a mepewe ryctuHe DMA HP u
ryctuHomepa DMA 5000 (mpoussohau oda mpoussoga je Anton Paar, I'pan, Aycrpuja). Kanu-
dpauuja henrje DMA HP je u3pplieHa NpUMEHOM KIacCHYHE METOJie Koja Ipernopydyje yIio-
Tpedy Bakyyma, Bofe U n-geKkaHa Kao kanudpanuoHux ¢yuna. Y numby npoBepe pana npHka-
3aHe arnapaType MepeHe Cy TYCTHHe n-XeKkcaHa, ToJIyeHa ¥ AUXJIOpMeTaHa y TeMIepaTypHOM
uHTepBany 288,15 no 413,15 K u oncery nputucka oz 0,1 1o 60 MPa. lobujeHur pe3yntartu cy
ynopehenu ca ogrosapajyhum BpeJHOCTHMA U3 TUTEpATypeE. Y 3aBUCHOCTH Of ofadpaHe IuTe-
paType, OGHOCHO OICera TEMIEPAType U MPUTHCKA, JodUjeHa cy cneneha cpeama ancoyiTHa
NpOIIeHTya/lHa OJCTyHama: 3a n-xekcas, 0,03-0,10 %; 3a ronyeH, 0,04-0,08 %, a 3a guxnop-
metaH, 0,02-0,03 %. Jeta/sHUju YBHUL y pe3yiTare OBOT paja rokasyje Aa je sehnHa BuX y
Iodpoj carmacHOCTH ca BpeIHOCTHMA U3 JuTeparype; Behe pasnuke cy mpumeTHe y OIU3UHU
KpajeBa MHTepBasa TEMIEPAType U IPUTUCKA.

(TTpumisero 27. HoBemBpa 2014, pesuaupano 16. mapra, mpuxsaheno 17. mapra 2015)
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