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High-Pressure Density Measurements for the Binary System Cyclohexane
n-Hexadecane in the Temperature Range of (318.15 to 413.15) K
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The densities of binary mixtures afthexadecane and cyclohexane at high pressures were measured in the range
of (6.895 to 62.053) MPa at six different temperatures varying from (318.15 to 413.15) K and for eight compositions.
The measurements were made by a high-pressure Anton Paar DMA 512 P densimeter integrated with the Ruska
2370 mercury Free PVT System. The densimeter was calibrated using analytical grade toluene, cyclohexane, and
n-heptane as calibration fluids. The experimental error of density measurements is estimated as G.5Tkg
measured densities at 348.15 K agree well with the available literature values at different pressures. The excess
volumes, thermal expansion, and isothermal compressibility coefficients were obtained from measured densities.
All data were correlated successfully with a modified PeRgbinson equation of state.

Introduction )

The knowledge of thermophysical properties of mixtures at valve sample
different pressures and temperatures is relevant in design,
operation, control, and optimization of industrial processes. The valve valve
experimental properties of mixtures can provide valuable ) drain
information about the fluid behavior at different compositions hfhtprelisure’ b
and help in developing models and correlations. These correla- d;l;’ﬁnef;r '-ll—'t:ans ducer
tions are necessary as it is impractical to measure properties at
all needed compositions, especially in the case of multi- pCal
component mixtures. air bath valve

Among the thermophysical properties, density is especially
important due to several formal relations between volumetric
properties and other thermodynamic properties. For instance,
an accurate modeling of density data at different conditions
allows the correct and simple computational extrapolation and
interpolation of density as well as other thermodynamic proper-
ties such as specific heats. Density has been used traditionall
in the characterization of complex mixturesych as petroleum
containing mainly nonpolar substances like long chain alkanes,
naphthenic, and aromatic compounds with a wide range of

carbon numbe.ré. . ) ) have been determined and reported. The behavior of these
_In asymmetric mixtures, large differences in molecular shape, rqherties as a function of temperature, pressure, and composi-
size, or flexibility could cause deviations in physical properties i, was studied. Densities were correlated by a novel volume-

from ideal mixtqre properties, even for mixtures of nonpolar ¢.gjeq approach applied to the PefRpbinson equation of state
substanceln this work, cyclohexane anathexadecane were (EOS)

selected for density measurements at high pressures. Cyclohex-

ane is a small naphthenic molecule whilhexadecane is a  Experimental Section

long linear alkyl chain, leading to an asymmetrical mixture in

length and shape of components with close densities at ambient Apparatus.The apparatus for high-pressure density measure-

conditions. Cyclohexane is also an important intermediate in ments is shown schematically in Figure 1. The main cell for

the petrochemical industry, antthexadecane is a common our purpose was the pump cell (PCell).

standard for diesel fuel applications. The volume in the PCell can be changed by computer-
controlled stepping motors, and it is a function of the piston

* Corresponding author. E-mail: raja@eq.ufrj.br. Fak55 21 25627567.  position. The sample was introduced in the PCell and stirred

P B‘;F‘e:f?dﬂ 553276'5;'- Rio Grande do Nort well. The piston was activated to transfer sample from PCell

iUn:ﬁE:dgdg d§ é;?adoc’do"’morﬁg fangiro?re' up to the densimeter and to remove the air from the whole

8 Universidade Federal do Rio de Janeiro. system. The pressure was increased up to 6.895 MPa and

Figure 1. Schematic of théPVT system used to measure high-pressure
densities.

With similar premises, Tanaka et‘ameasured densities for
cyclohexane and-hexadecane mixtures at (298.15, 323.15, and
348.15) K. In this work, high-pressure density data of cyclo-

Yhexanet+ n-hexadecane mixtures were measured up to 62.053
MPa for a wide range of temperature of (318.15 to 413.15) K
using a vibrating-tube densimeter. From the density data, the
isobaric thermal expansion and the isothermal compressibility
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maintained constant at that pressure. The air bath and the The values ofo. were estimated from cubic polynomial
temperature control system were activated. After the desired correlation of density as a function of temperature at constant
temperature was reached, the monitoring of the oscillation period pressure and composition. Similarlig was estimated from

of the densimeter was done until stabilization was achieved. cubic polynomial correlation of density as a function of pressure
Density was obtained from measurements of the oscillation at constant temperature and composition. The overall rmsd
period of the sample in a U-shape tube. Using the experimentalbetween calculated and experimental density was 0.3
technique of the vibratory pipe, the density is related with the and 0.08 kgm~2 for the density correlations as functions of

period of oscillation by temperature and pressure, respectively.
) Modeling. The Peng-Robinso§ EOS was adapted in order
p(P, T) = A(P, )2" + B(P, )= + C(P, T) 1) to correlate the experimental data following an approach recently
developed by Amorim et & The equations used are presented

whereP is the pressureT is the temperaturep(P, T) is the
mass density of the sample;is the period of oscillation; and
A(P, T), B(P, T), and CP, T) are constants that are determined
using three fluids of calibration of known density in the complete p = RT _ a(m) o a(M) =cl + k(1 — VTI)]?
range of pressure and temperature. Three reference fluids were V=b 24 2pv—p?

used in order to improve the accuracy of the calibration ®)
providing a better correlation (eq 1). The standard fluids of Rr)?

calibration were toluene (TEDIA, 99 % purity);heptane (Tedia, c= 0.457235%—; b= 0.0777960%;
99 % purity), and cyclohexane (Tedia, 99 % purity). Equation I 5
1 correlated the densities of the standard fluids within a root k= 0.37464+ 1.542262 — 0.269922" (6)
mean square deviation (rmsd) of 0.3-kg?3 as compared to

the reference densities of these substances from NIST (NationaWhereR is the universal gas constaie;b, andk are auxiliary
Institute of Standards and Technolo§yflhe maximum absolute ~ functions; andz, I1, and Q are pure components model
deviation of the reference NIST densities when compared to parametersz and IT have the dimension of temperature and

in egs 5 and 6:

the experimental data of cyclohexane in the literafuirethe pressure, whil& has no dimension.
range of (313.15 to 323.15) K and (5 to 15) MPa, is 0.14  In a preliminary study, the PerdgRobinson EOS was used
kg-m=3, in order to correlate density data at several pressures and at

Measurement of DensityCommercially available analytical ~ fixed T andx. This EOS was not able to accurately represent
grade cyclohexane (TEDIA, 99 % purity) amdhexadecane  density andky simultaneously, even using, I, and Q as
(VETEC, 99 % purity) were used without any further purifica- estimated parameters instead of the physical properties critical
tion. The binary mixtures were prepared immediately before temperature, critical pressure, and acentric factor, respectively.
use by weighing in a Sartorius precision digital balance at In order to improve the modeling, an approach similar to volume
atmospheric pressure and ambient temperature with an unceriranslation was used: the density calculated from the original
tainty of 1 x 107 kg. The measurement of density was made EOS was used as input in the final calculation of density. The
using a high-pressure Anton Paar DMA 512 P vibrating-tube strategy adopted was to obtainII, andQ so thatkr was as
densimeter integrated with the Ruska 2370 mercury Free PVT well correlated as possible. After that, the relation between
System as a function of pressure)( temperatureT), and mole calculated and experimental density was investigated, and a
fraction ). At least 10 values were taken for each pressure at simple volume scaling was applied, as presented in eq 7, where
a given temperature. M is the molecular weight:

The reproducibility of density was within 0.5 kg=2. The
uncertainties oP, T, andx were 7x 10~ MPa, 0.1 K, and 3 a(m as
x 1078, respectively. No viscosity correction was necessary pele = T20E0S o (T) = &) + = @)
for density measurements by a DMA 512 P vibrating-tube M T
densimeter as the viscosities of the standard and measured fluids ) . g R
were less than 15 mPa The densities studied in this work ~WhereaX(T) is a scaling functiona,; anda; are pure compo-
were obtained in the temperature range of (318.15 to 413.15)nent model parameters.

K and the pressure range of (6.895 to 62.053) MPa for eight The volume-scaled PergRobinson EOS is hereafter referred
different compositions. to as VS-PR. The mixing rules used were

Volumetric PropertiesThe isobaric thermal expansion)(
the isothermal compressibility coefficient&r), and excess  g(T)= xa.(T); b= XD, :
volume {VE) were derived from experimental densities. These M .Z JZ 524D .Z JZ e

properties are defined, respectively, in eqgs 2 to 4: a¥(T) = z z >§Xja§(T) 8)
__Yp -
P T. 0= P(BT)P'K @)

and the combining rules were

(P, T, =5{16) (3)

b +b

oI 8N = yaMa(M (1~ k) by =51~ 1;)

VIR TH =P T~ (VP D + (L)), a3(T) + &)
2

aj(T) = L—my) (9

where subscripts 1 and 2 stand for the pure components
cyclohexane anah-hexadecane, respectively; is the molar The parameters in eq &,([1, and<2 for each pure component),
volume of the mixture. eq7 éaf, and ai for each pure component), and eqky( |2,
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Table 1. Experimental Density Data (in kgm~3) for the System 790
Cyclohexane (1)+ n-Hexadecane (2) at Different Pressures,
Temperatures, and Compositions 780 + 2
A
P X1 X’
MPa 1 0.9000 0.8000 0.7000 0.5000 0.3000 0.2000 0.1002 O , 1 )"X
TIK = 318.15 g ool »
6.895 761.5 758.5 758.1 757.6 758.6 759.6 760.3 760.3 Ei -
13.789 767.7 764.6 7636 763.3 7639 763.9 765.1 765.0 = 5 4
20.684 773.8 770.3 768.9 768.2 768.8 768.9 769.8 769.6 Q 750 ,"‘
27.579 779.0 7753 773.8 7729 773.2 7735 773.9 773.9 A /
34.474 784.1 780.0 7784 777.6 7776 7T77.7 778  177.7 740 _" [
41.369 788.7 784.6 7829 781.8 7816 7815 781.8 781.5 /
48.263 793.4 788.8 786.9 785.8 7855 785.4 785.5 785.2 v
55.158 797.4 7929 790.7 789.4 789.0 788.8 788.8 788.7 730 L L L L L
62.053 801.4 796.7 794.6 793.2 7925 7923 792.2 791.7 5 15 25 35 45 55 65
T/K = 333.15 P / MPa
6.895 747.3 7459 746.6 746.2 747.8 749.3 750.4 750.7 . .
13789 7541 7523 7528 7521 7535 7544 7558 7558 F_lgure 2._ Experimental dgnsny of cycloh(_axane (€5) n-hexadecane 2)
20684 7605 7584 7584 757.6 758.6 7595 7604 760.4 binary mixtures as a function of pressure in two mole fractions at 348.15
27.579 766.5 763.8 763.6 762.7 763.6 764.1 765.0 765.1 K: M and dashed lines; = 1; A and dotted linesy; = 0.2. Symbols are
34.474 772.0 768.9 768.6 767.5 768.3 768.3 769.5 769.7 for data from this work, and lines are from Tanaka et al.
41.369 777.0 7739 7733 7721 7725 7724 773.4 773.9
48.263 781.7 778.7 7775 776.1 776.6 776.5 777.2 777.6 780
55.158 786.3 783.2 781.9 780.6 780.5 780.4 781.0 781.2 P
62.053 790.7 787.3 786.0 784.2 784.1 783.8 784.4 784.3 X
TIK = 348.15 770 t X
6.895 733.6 734.7 735.7 7357 737.5 739.8 740.4 741.3 741.7 ;:/
13.789 741.2 741.9 7424 7423 7435 7456 7459 747.0 747.2 s’
20.684 748.2 748.3 7485 748.1 749.1 751.0 751.1 752.1 7525 w 760 ,/'{
27.579 7545 7543 754.3 753.7 754.3 756.1 756.3 757.2 757.2 ‘s .
34.474 760.5 760.0 759.6 758.9 758.9 760.7 760.8 761.8 761.9 . .—/
41.369 766.1 7652 764.6 763.6 763.9 7653 7651 766.1 766.1 2 750 | ,°
48.263 771.4 770.0 769.3 768.3 768.2 769.5 769.2 770.2 770.2 -~ " /
55.158 776.2 774.6 773.8 772.6 7723 773.4 7735 773.9 774.1 RN L’
62.053 781.1 779.1 7779 776.8 776.3 777.2 7772 7775 777.6 740 L /
T/K =363.15 {
6.895 719.6 722.6 7245 7250 727.0 729.8 731.4 732.0
13.789 7279 730.3 7318 7322 733.6 736.2 7375 738.1 730 L L . . .
20.684 735.7 737.5 7384 738.6 739.4 7420 743.3 743.9
27.579 742.8 7442 7445 7443 7451 747.2 748.4 748.6 5 Is 25 35 45 55 65
34.474 749.1 750.3 750.3 749.8 750.3 752.4 753.4 753.7 P/ MPa
41.369 755.3 755.7 755.7 755.2 7555 757 758.1 758.4 Figure 3. Experimental density of cyclohexane (%) n-hexadecane (2)
ggigg ;ggg ;ggg ;ggg ;ggg ;ggi ;gég ;ggg ;gg? binary mixtures as a function of pressure in two mole fractions at 348.15
62.053 771.0 7706 770.1 7688 768.6 769.7 770.4 7705 K: land_dotte_d I|n_ex1—0,Aanq dashed lines; = 0.8. Symbols are for
data obtained in this work, and lines are from Tanaka ét al.
T/K = 388.15
6.895 694.7 700.0 702.0 704.3 709.5 711.7 714.0 714.7 2.0
13.789 705.0 709.3 710.2 7126 717.1 7189 721.2 721.7
20.684 7139 7175 7182 720.0 723.8 7255 727.6 728.1
27.579 721.9 7248 725 726.8 730.3 731.6 733.4 7339 15 L o
34.474 729.2 731.8 7316 7327 736.1 737.1 739.0 739.2 . o
41.369 736.0 738.1 737.4 7384 7412 7422 744.1 7441 o o <o
48.263 742.2 743.7 743.0 7435 7465 747.2 748.7 748.8 £ o
55.158 747.8 749.3 748.0 7485 7515 7518 753.1 753.3 10 - o
62.053 753.2 754.3 753.0 753.4 755.7 755.9 757.3 757.5 &” o3 <
TIK = 413.15 = 05 | . E o
6.895 669.7 675.9 680.0 682.0 687.7 692.4 694.6 696.2 S * L *
13.789 682.1 687.0 690.3 691.7 696.7 700.9 702.9 704.3 3 ] o [m] [m] *
20.684 692.5 696.8 699.3 700.2 704.6 708.2 710.0 711.0 = * A A
27.579 701.8 705.2 707.2 707.7 7115 714.9 717.0 717.9 < 00® 5 O A A A
34.474 710.1 713.0 7146 7148 718.2 721.2 723.0 723.7 A
41.369 717.7 719.7 721.3 7212 7241 726.9 728.8 729.4 A A
48.263 724.9 726.7 727.3 726.8 729.7 732.3 734.0 734.5 -0.5 LA L L L L
55.158 731.2 732.5 733.1 7324 7349 737.1 738.8 739.5 5 15 25 35 45 55 65
62.053 737.2 737.8 7382 737.4 739.7 7417 743.2 743.8
P/ MPa

) L Figure 4. Deviation of experimental densities compared with data obtained
andmy,) were obtained by minimization of the sum of square from Tanaka et at.at 348.15 K: &, x1 = 1; @, X, = 0; 00, X, = 0.2; &, Xy

deviations between calculated and experimental densities. = 0.8.

pure cyclohexane. However, the data of cyclohexane in this
work agreed with the reference dateith a rmsd of 0.2 kgm?®.

The densities of cyclohexanehexadecane, and their binary ~ The parameters utilized in the proposed VS-PR are given in
mixtures from (318.15 to 413.15) K and in the pressure range Tables 2 and 3. The average rmsd for the estimates from VS-
from (6.895 to 62.053) MPa are presented in Table 1. The PR were (0.9, 0.8, 0.3, 0.5, 0.7, and 0.7)rkg3, respectively,
experimental densities at 348.15 K are compared with the datafor temperatures (318.15, 333.15, 348.15, 363.15, 388.15, and
of Tanaka et at.in Figures 2 and 3 . 413.15 K) and (0.7, 0.7, 0.7, 0.7, 0.7, 0.6, 0.7, 0.7, and 0.8)

The deviation between the data of Tanaka étad of this kg'm~3 as average rmsd, respectively, for pressures (6.895,
work is shown in Figure 4. The deviation is within 0.7-kg3 13.790, 20.684, 27.579, 34.474, 41.369, 48.263, 55.158, and
for the mixtures and in the range of (0.6 to 1.6)kg?3 for 62.053) MPa. The overall rmsd for VS-PR was 0.7rkgq.

Results and Discussion
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750 Table 4. Isothermal Compressibility kr x 103¥MPa~! Values
Calculated from Experimental Density Data
40 +
740 - "
730 MPa 1 0.9000 0.8000 0.7000 0.5000 0.3000 0.1002 O
% 70 f T/K = 318.15
= 6.895 125 121 111 1.09 104 095 095 0.94
20 L 13.789 1.14 110 103 101 096 090 0.89 0.88
= 20684 105 101 096 094 089 085 0.83 0.3
N 27579 097 093 089 087 083 081 078 077
700 34474 090 086 083 081l 077 076 073 0.73
2 41369 084 080 078 076 073 072 069 0.68
690 48.263 0.79 0.76 0.74 0.71 0.68 0.67 0.65 0.64
55.158 0.74 073 070 0.68 065 064 062 0.60
680 I 62.053 071 070 0.68 065 063 060 059 0.57
) ) ) ) ) T/K = 333.15
670 6.805 140 128 124 119 113 104 103 096
5 15 25 35 45 55 65 13.789 1.28 118 113 110 1.05 096 0.96 0.94
P /MPa 20684 117 110 104 102 097 088 0.88 0091

Figure 5. Density of cyclohexane (1} n-hexadecane (2) mixtures as a %Zi;i ég; égé 883 ggg 832 832 8% 82?

function of pressure at 413.15 K at various mole fractiofs:x; = 0; —, 41369 0.92 0.90 0.85 0.82 0.79 0.65 0.66 0.76
x1 = 0.3; 2, x1 = 0.7; x, x; = 0.9; solid lines, calculated with proposed  48.263 0.86 0.85 0.80 0.78 0.74 0.57 0.59 0.69
model VS-PR. 55.158 0.81 0.81 0.78 0.74 0.70 0.50 0.52 0.62
62.053 0.77 0.77 0.76 0.70 0.66 0.42 0.45 0.53

750 T/K = 348.15

6.895 156 1.46 1.36 1.32 121 1.16 114 112

740 13789 142 133 125 121 112 108 106 1.04
730 20.684 1.30 1.21 1.15 1.11 1.04 101 098 0.97
27579 1.19 1.11 1.06 1.02 097 094 092 0.90

720 34474 110 103 098 095 091 088 085 084
@ 41369 102 095 092 089 085 082 079 0.79
g 710 48.263 0.96 0.89 0.86 0.84 0.80 0.77 0.74 0.74
2 700 55158 090 084 081 081 076 073 069 0.69
- 62.053 087 081 077 078 072 069 064 0.66

< 690 T/K = 363.15
60 6.895 1.78 165 151 145 132 129 125 1.24
13789 160 149 137 133 123 119 116 1.14
670 20684 145 135 125 121 114 109 107 1.05
27579 131 122 115 111 106 101 0.99 0.98
660 : ' ' ' . 34474 120 112 106 103 099 094 092 0091
41369 1.10 103 099 096 092 088 086 0.85
3 52 33 4 5 6 48263 1.02 096 093 089 087 082 080 0.79

P /MPa 55.158 0.96 0.91 0.89 0.85 0.81 0.78 0.76 0.75
Figure 6. Density of cyclohexane (1} n-hexadecane (2) mixtures as a  62.053 092 087 08 081 077 075 071 071
function of pressure at 413.15 K at various mole fractionisx; = 0.1; O, T/K = 388.15
x = 0.5; +, x, = 0.8; W, x, = 1; solid lines, calculated with proposed 6.895 221 199 182 182 160 152 150 149
model VS-PR. 13.789 1.96 1.78 1.64 160 145 138 136 134

20.684 1.74 1.59 1.48 1.42 1.32 1.26 124 121
27579 155 143 1.35 1.27 1.20 1.15 113 1.10
34474 139 1.29 1.23 1.14 111 1.06 1.03 1.00
I - a a8 41.369 1.26 1.18 1.12 1.05 1.02 0.98 095 093

1 48.263 1.15 1.09 1.04 0.99 0.95 0.91 0.88 0.88

component MPa K Q kgmol~t  K-kgrmol~1 55.158 1.07 1.02 0.97 0.95 0.90 0.85 0.83 0.84

62.053 1.01 0.97 0.91 0.94 0.85 0.80 0.78 0.82
cyclohexane 19.956 628.9 —0.3797 0.021365 —0.183

iy _ _ TIK = 413.15
n-hexadecane  41.785 758.3-0.5246  0.013451 —0.342 6895 277 249 227 215 195 181 177 169

13.789 240 218 2.01 1.90 1.74 1.62 160 1.53

Table 2. Estimated Coefficients Used in Equations 6 and 7

Table 3. Estimated Coefficients Used in Equation 9 20684 209 191 178 168 155 146 145 139
kiz I Moz 27579 183 1.68 1.58 1.49 1.39 1.32 131 127

34.474 162 149 1.41 1.34 1.26 1.20 119 1.6

mixture parameter —0.327 —0.186 —0.142 41.369 1.45 1.34 1.27 1.21 1.15 1.09 1.08 1.06

48263 1.33 122 116 112 106 100 098 0.98
. . N 55158 124 114 108 104 099 094 090 0.92
In order to illustrate the quality of the correlation, in Figures 2053 1.19 1.08 102 100 094 088 083 086

5 and 6, the experimental densities are compared with the

densities estimated by proposed VS-PR at the highg$t3.15 isothermal compressibility increases withat constan® and

K, where the rmsd is typical) and all compositions. At the decreases witl® at constant,. This in shown in Figure 7 at

highestT and constan®, density was observed to decrease with 348.15 K. Analogous results can be obtained at other temper-

increasing cyclohexane composition, within the experimental atures. In Figures 7 and 8, the isobaric expansibility and the

accuracy. On the other hand, at the low&gB18.15 K) and  jsothermal compressibility are shown at same conditions, and

constant, density varies not monotonically with composition  the same trends witk, and P are observed for all. Again,

up to 27.579 MPa and increasing monotonically with increasing the VS-PR EOS was utilized in the correlation with very good

cyclohexane composition above 41.369 MPa. At all tempera- results, presenting overall rmsd of 16104 K~ and 3.6x

tures, at constant composition, the density increases with10-5 MPa® for isobaric expansibility and the isothermal

increasing pressure, consistent with thermodynamic requirementscompressibility, respectively.

of stability. In Figures 9 and 10, excess volumes are shown as a function
Isothermal compressibility and isobaric expansibility data of composition at (318.15 and 363.15) K, respectively, and at

obtained from experimental density in the studied ranges of five pressures. At the lowest temperature, 318.15 K, the excess

pressure and temperature are presented in Tables 4 and 5. Theolumes decrease initially when adding small amounts of
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Table 5. Thermal Expansibility a x 10%K~! Values Calculated
from Experimental Density Data

T X1
K 1 0.9000 0.8000 0.7000 0.5000 0.3000 0.1002 0
P/MPa= 6.895 T
31815 120 104 090 096 102 087 085 081 &
33315 124 106 098 096 094 088 085 0.83 =
34815 128 110 106 099 091 090 087 0.86 N
363.15 1.33 116 114 105 093 094 091 0.0 =
38815 143 132 125 120 109 1.04 1.02 0.9 X
41315 155 155 136 144 141 120 121 1.3 S
P/IMPa= 13.789 X

318.15 1.15 1.00 0.83 0.92 0.97 0.81 0.81 0.76
333.15 1.17 1.01 0.93 0.92 0.90 0.82 0.80 0.78
348.15 1.20 1.03 1.01 0.93 0.86 0.84 0.82 0.81
363.15 1.23 1.08 1.08 0.98 0.88 0.88 0.85 0.84 05 ) ) ) )
388.15 1.30 1.20 1.16 1.11 1.01 0.97 095 0.93 ’

413.15 1.37 1.40 1.19 1.33 1.30 1.10 112 1.05 0 0.2 0.4 0.6 0.8 1

P/MPa= 20.684 . . ..XI .
318.15 1.11 0.97 0.80 0.88 0.95 0.78 0.79 o0.76 Figure 7. Isothermal compressibilityk{) vs mole fraction X1) for
333.15 1.12 0.96 0.88 0.87 0.87 0.78 0.77 0.75 cyclohexane (1) n-hexadecane (2) at 348.15 4, 6.895 MPa[, 13.789
34815 113 097 095 088 083 080 077 076 MPa:a,20.684 MPax, 27.579 MPaMl, 34.474 MPap, 41.369 MPa@®,

363.15 1.15 1.01 1.01 0.92 0.83 0.83 0.80 0.79 4 id i
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Figure 9. Excess volume versus mole fraction of binary mixture cyclo-
cyclohexane tarhexadecane at all pressures. The deviations hexane (1}t n-hexadecane (2) at 318.15 K-, 6.895 MPa;a, 20.684
from ideality are asymmetrical with a maximum found at around MPa, *, 34.474 MPaO, 48.263 MPal, 62.0528 MPa. Solid lines are
. ; . . calculated values with VS-PR.

0.7 mole fraction in cyclohexane. However, at intermediate
temperatures, (348.15 and 363.15) K, the experimental data
exhibit positive and symmetrical behavior. At higher temper- at pressures up to 13.789 MPa and all temperatures. The
atures, (388.15 and 413.15) K, the system again presentspredicted maximum deviation is positive and is around 0.3 mole
asymmetrical behavior similar to that found at lower temper- fraction in cyclohexane. The values of experimental excess
atures. volumes are quite low and close to the experimental uncertainty,

VS-PR EOS predicts the magnitude of the excess volume. which was about Z 10~" m3-mol~?, leading to a great relative
The equation shows a small initial decrease of excess volumeserror, making quantitative comparisons difficult.
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Figure 10. Excess volume versus mole fraction of binary mixture
cyclohexane (1)} n-hexadecane (2) at 363.15 K, 6.895 MPaa, 20.684
MPa, +, 34.474 MPaO, 48.263 MPall, 62.0528 MPa. Solid lines are
calculated values with VS-PR.

Conclusion
The densities of cyclohexane»-hexadecane, and their

mixtures have been measured in the temperature range of

(318.15 to 413.15) K and pressures up to 62.053 MPa. The
isothermal compressibility, isobaric expansibility, and excess
molar volume were obtained from experimental density data.
Density measurements over a wide range of temperature
improved the isobaric expansibility data. Density values of this

work were compared to values in the literature for this binary

system and were found to agree within the experimental
uncertainty of 0.7 kgn=3.
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