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Vapor Pressure Measurement of Tetralin at Reduced Pressures 

Hlrotake Katayama* and Yaruhlro Harada 

Chemical Laboratw, College of Engineering, Hosei Universe, Koganei, Tokyo, Japan 

The vapor pressure of Tetralin was measured over the 
pressure range of 0.40-32.5 kPa, Le., the temperature 
range of 330.80-437.13 K. The results were fitted to 
Chebyshev polynomials and the Miller and Antoine 
equations, the percent root mean square devlations of 
which were estimated as 0.22, 0.29, and 0.33, 
respectively. 

Introduction 

To measure vapor-liquid equilibrium and vapor pressure at 
reduced pressure, we constructed a new equillbrlum still. In  
this work the vapor pressure of Tetralin (1,2,3,4-tetrahydro- 
naphthalene) has been measured at 0.40-32.5 kPa, because 
there have been only a few data on the vapor pressure at 
reduced pressures: the six values by Herz and Schuftan ( 7 )  
in 1922, the three by Under (2) In 1931, the three by Laqange 
et ai. (3) In 1971, the four by Nasir et al. (4) in 1980, and the 
four by Katayama and Watanabe (5) In 1980. Some of these 
are not precise. 

Recently Tetralin has been employed as a reagent for the 
liquefaction of coal. 

Experlmental Section 

Mafafa/. C0”erciaCgrade Tetraiin was distilled in a wetted 
wall column with 1-m length and 10-mm i.d. at 1.3 kPa. The 
intermediate distillate used for thls work was monitored by 
measuring the change in the refractive Indexes of each 10-mL 
distillate. 

The purity of the Tetralln was estimated to be 99.8% by gas 
chromatography with Porapak-s as described in the previous 
paper (5). The refractive Index and the density of the Tetralln 
at 25.0 OC have already been determlned previously (5) as 
1.5383, compared with the literature value 1.539 19 (6 ) ,  and 
963.6 kg/m3, compared with the literature value 963.24 kg/m3 
(7) .  

npPararuS and PrOcedliKe. The experlmental apparatus was 
set up as in Figure 1. The equilibrium stili is made of Pyrex 
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glass, and its cylinder Is 400 mm high with a 70-mm i.d. The 
funnel of the Cottrell pump does not entirely cover the liquid 
surface so that discharged vapor can ascend not only through 
the Cottrell tube but also from the outside of the funnel. The 
still is designed to decrease the pressure drop between the 
surface and the condenser sections. 

The measurement and the control of pressure were carried 
out with a MuitCRange Model 157/100 pressure standard from 
Texas Instruments Inc. Its accuracy is f0.002 kPa for the 
35-10-kPa range and fO.OO1 kPa for the 10-0.40kPa range. 
The accuracy of pressure control on operation was found to 
be within fO.OOO 03 kPa for the 35-1-kPa range, and within 
f0.0004 kPa for the 1-0.40-kPa range. Since the pressure 
below 0.40 kPa could not be controlled well, the vapor pres- 
sures below thls pressure were not measured. 

Mercury thermometers with immersion lines marked 18 cm 
from the bulb end, which consisted of three sets of graduation 
from 40 to 100, 100 to 150, and 150 to 200 OC, were used. 
They have been calibrated in 10 OC intervals by Watanabe Keiki 
Seisakusho Co., Ltd., Tokyo. Their accuracies are within f0.04 
K. 

The McLeod gage in Figure 1 was employed only when the 
zero counter (callbration) of the Bourdon capsule was to be 
determined. 

About 120 mL of a sample was poured into the bottom of 
the still through the stopper 1 1. The circulation of vapor was 
carried out at the rate of 40 drops/mln for 2 h. The outside wall 
of the still was held at 3 K below the boiling point. Since the 
Tetralln Is polymerized by heating as described previously (5), 
a fresh sample was used after every three measurements. 

Results and Dlscussion 

The vapor pressure data of Tetralin are presented in Table 
I. The data are also plotted in Figure 2 including a comparison 
with values from the literature. The data are in good agreement 
with the literature In the pressure range between 32 and 5 kPa, 
but are somewhat smaller than quoted values below 5 kPa. 
The values of Nasir et ai. (4) are larger than the others. 
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Table I. Vawr Pressures of Tetralin 

- 

obsd t,O % 
T. K D ,  kPa Miller ea Antoine ea 

. 0  1 -  

.6 437.13 32.500 0.40 0.12 
434.41 30.000 0.16 0.02 
431.51 27.500 -0.10 -0.12 
428.48 25.000 -0.62 -0.55 
425.00 22.500 -0.58 -0.43 
420.94 20.000 0.31 0.49 
416.73 17.500 0.46 0.65 
412.28 15.000 -0.26 -0.12 
406.81 12.500 0.15 0.22 
400.56 10.000 -0.04 -0.10 
392.72 7.500 0.22 -0.01 
382.42 5.000 0.06 -0.34 
366.21 2.500 -0.06 -0.40 
355.27 1.500 0.00 -0.06 
347.22 1.000 -0.20 -0.04 
345.20 0.900 -0.19 0.00 
342.96 0.800 -0.07 0.14 
340.53 0.700 -0.25 -0.04 
339.15 0.650 -0.05 0.13 
337.63 0.600 0.44 0.58 
336.17 0.550 0.03 0.10 
334.45 0.500 0.41 0.37 
332.72 0.450 0.03 -0.17 
330.80 0.400 -0.25 -0.69 

Miller ea Antoine ea 

- 
- 

mean de@ 0.22 0.25 
max deV -0.62 -0.69 

t = pressure deviation = 100(Ped - Pdd)/Pewd. * 100~i( lPewu 

Chebyshev polynomials (8) and Miller ( 9 )  and Antoine 
equations of the following forms were used to fit the results: 
Chebyshev polynomials 
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Figure 2. Vapor pressures of Tetralln vs. l /T .  

where t = T -  273.15, E , ( x )  = x ,  E2(x)  = 2x2 - 1, El(x)  = 
2xE,-,(x) - €l-2(x), and x is a functlon of temperature defined 
as 

2 T -  (T ,  + ~ m h l )  

Tmax - Tmin 
x =  

where T, and T,,, are 437.13 and 330.80 K, respectively 

Miller equation 

In @) = A ,  + B,/t + C,t + D,t2 

or 

t in @) = A,t + B, + C,t2 + D,t3 

Antoine equation 

in @) = A ,  - B, / ( t  + C,) 

or 

t In @) = A,t + D, - C ,  In @) 

where 
D, = A,C, - B, 

All the coefficients of the expressions were decided by the 
fits of t In @) as written in Table 11. 

Table 11. Constants of Chebyshev Polynomials and Miller and Antoine Equations from Least-Squares Fit of t In ( p )  

Chebyshev constants Miller constants Antoine constants 
a0 443.986 a4 0.17822 A m  -3.00640 A, 13.64979 
a1 314.899 a6 0.18306 B m  -48.9855 B, 3586.62 
a2 36.795 0.1374 C m  0.562848 X lo-' c a  188.697 
a3 -3.3684 a7 0.1920 DIa -0.910118 X lo4 

Chebyshev polynomial Miller ea Antoine ea 
prms4 0.22 0.29 

(I Percent root mean quare deviation defined by 100[xi((Perptl - P~d)/Pe.ptl)?/nl'/2. 

0.33 
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Table 111. Temperature Difference between Experimental 
and Calculated Values against Vapor Preasure Using 
Miller and Antoine Equations 

AT,” K 
P, kPa Miller eq Antoine eq 
32.500 
30.000 
27.500 
25.000 
22.500 
20.000 
17.500 
15.000 
12.500 
10.000 
7.500 
5.000 
2.500 
1.500 
1.000 
0.900 
0.800 
0.700 
0.650 
0.600 
0.550 
0.500 
0.450 
0.400 

-0.14 
-0.06 
0.03 
0.21 
0.19 

-0.10 
-0.14 
0.08 

-0.04 
0.01 

-0.06 
-0.01 
0.01 
0.00 
0.04 
0.04 
0.01 
0.05 
0.01 

-0.08 
0.00 

-0.07 
-0.01 
0.04 

-0.04 
-0.01 
0.04 
0.18 
0.14 

-0.16 
-0.20 

0.03 
-0.06 
0.03 
0.00 
0.08 
0.09 
0.01 
0.01 
0.00 

-0.03 
0.01 

-0.02 
-0.10 
-0.02 
-0.06 
0.03 
0.12 

Miller eq Antoine eq 
mean dif,* K 0.06 0.06 
max dif,” K 0.21 -0.20 

a T = Texptl - Tdd. * EilTsxptl - Tddli/n. n: number of data 

Since the percent root mean square deviations of pressures 
(prms) using Chebyshev polynomials with the number of pa- 
rameters from 3 to 10 were estimated as 2.70 at 3 parameters, 
0.29 at 4 and 5, 0.26 at 6 and 7, 0.22 at 8-10, respectively, 
here 8 parameters are selected as written in Table 11. The 
pnns of the Miller and Antoine equations are listed as 0.29 and 
0.33, respecthrely, in Table 11. Percent pressure deviations and 

(=24). 

mean absolute deviations from the equations have also been 
presented in Table I. 

Conversely, the temperatures were calculated by using the 
Miller and Antohe equations, and the differences between ex- 
perimental and calculated values are shown in Table 111. The 
mean differences of the temperatures obtained in both were 
equal to 0.06 K. 

The Miller equation, having four constants, gave somewhat 
better correlations than the Antoine equation, having three 
constants, but the degrees of differences were very small. 
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P pressure, kPa 
T temperature, K 

Greek Letters 

t T - 273.15 K 

percent pressure deviation (= 1OO(P axptl - Paw)/ 
P.XPU) 
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Investigation of Vapor Pressures and Enthalpies and Entropies of 
Vaporization of Xanthene at Elevated Temperatures 

Alwarappa Sivaraman and Rlki Kobayashl’ 

George R. Brown School of Engineering, Department of Chemical Engineering, Rice University, Houston, Texas 7725 I 

Introductlon Vapor pressures (8.35-817.29 mmHg) of xanthene, a 
polynuclear aromatlc (threarlng) compound containing an 
oxygen group, over the tmperature range 423-589 K, 
were measured. The measurements were performed in a 
Mgh-temperature static apparatus. Chebyshev 
polynomiak have been used to fit the experlmental vapor 
pressure data. The remits have been further processed 
to evaluate the enthalpler of vaporization and compared 
with the predicted enthalpy values, by a recently 
devdoped generalized correlation which incorporates the 
renormalization group theory with the corresponding states 
prhrclpk. The entropies of vaporlzatlon were also 
evaluated at thelr respective temperatures for xanthene. 

Vapor pressures and enthalples and entropies of vaporization 
are a few of the important physical properties required in de- 
signing coal-llquid and shale oil processing ar)@ separation 
plants. The thermodynamic propettles are virtually unknown at 
high temperatures for the three-ring heavy polynuclear hydro- 
carbons. We reported previously ( 1-3) the vapor pressures 
of various condensed aromatic compounds. In  this work we 
continue the measurements of vapor pressures of a thresring, 
oxygen-containing, coalderived liquid, xanthene. The vapor 
pressures of xanthene are reported over a wide range of tem- 
peratures up to the onset of thermal decomposition. No ex- 
perimental vapor pressures or enthalpies of wRorization are 

QQ21-9560/04/ l729-Q375$Ql.5Q/Q 0 1904 American Chemical Society 


