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High-Pressure Phase Equilibrium for Ethylene + Methanol at 278.15 K and
283.65 K
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Phase equilibria and saturated density for ethylermaethanol system at high pressures were measured at 278.15

K and 283.65 K with a static-circulation apparatus. The experimental apparatus equipped with three Anton Paar
DMA 512S vibrating tube density meters was previously developed for measuring-apid —liquid equilibrium

at high pressures. Coexisting phase composition and saturated density of each phase can be measured by means
of the apparatus with a maximum temperature and pressure of 400 K and 20 MPa, respectively. The present
experimental results include vapdrquid, liquid—liquid, and vapotliquid—liquid equilibria. The equilibrium
composition and saturated density of each phase were determined by gas chromatograph and vibrating tube density
meters, respectively. The experimental data were correlated with various equations of state.

Introduction further purification. The purity of methanol was more than 99.8

. : :
Phase equilibria, such as vapdiquid equilibria (VLE), MO 7© Py gas chromatographic area analysis. .
liquid—liquid equilibria (LLE), and vaporliquid—liquid equi- Apparatus and ProcedureThe experimental apparatus is
libria (VLLE) are essential in the design and operation of Schematically shown in Figure 1, almost similarly with the one
distillation equipment. in the previous study The apparatus is a static-circulation type,

which can operate to a maximum temperature and pressure of
400 K and 20 MPa, respectively, and has three Anton Paar DMA
512S vibrating tube density meters (D). The density meters (D)
were calibrated by dry air and water at experimental tempera-
tures. The apparatus is in a constant-temperature liquid bath
(E) controlled with4- 0.005 K by PID regulator. The cell volume
is approximately 320+ 5 cn®. The coexisting phases are
ﬁ; 22;5?231 ir?(?lﬂ dﬁ]tgxl;ﬂe; ethanol have been recently continuously recirculated through the sampling valves (K) and
' o . density meters (D) with the three magnetic circulation pumps

On the phase equilibrium behavior for ethylehenethanol ¢y, Temperatures were measured by means of the Hewlett-
system, Alwani and Schneideestimated no liquietliquid or Packard 2804A quartz thermometer (J), calibrated by the triple
high-pressure gasgas phase separation with their experience. noint of water in the reference cell with an accuracyt0d.001
Ohgaki et af however observed the strange phase separationk The reliability of the thermometer (J) used was certified by
behaviors at 298.15 K and 313.15 K. After that, Brusner he hojling point of water at 1 atm pressure in the standard
reported the phase separation behavior at 284.15 K including gpylliometer within an accuracy of 0.005 K. The accuracy of
the VLE data interpolated graphica_lly from the VLE and LLE  ihe experimental temperature seems therefére0.01 K.
data concerned. Brunrieowever did not observe the VLLE  pressures were measured by means of the Ruska 2480-700 oil
separation at 298.15 K. Zeck and Kné&pgported the LLE data  jeaq weight gauge (O) and the Ruska 2439-702 pressure
at 283.60 K. transducer (T). The equilibrium phase compositions were

In the present study, the coexisting phase compositions anddetermined by using a Shimadzu GC-14A gas chromatograph
their saturated densities for the ethylehemethanol mixture equipped with a 3-m Porapak Q column. Helium was used as
at high pressure were measured at 278.25 K and 283.65 Ka carrier gas at a flow rate of 30 émin~L. The column
including the vicinity of the critical region. The experimental temperature was about 363 K. The injector and detector
data obtained were correlated with the SeaRedlich—Kwong temperatures were about 373 K and 383 K. The current value
(SRK) equation of stafeand the pseudocubic equation of state.  of a thermal conductivity detector (TCD) was 100 mA.

First, the cell (A) was evacuated by the rotary oil vacuum
pump (Q). The samples, ethylene and methanol, were then
Materials. In the present experiments, ethylene was supplied charged into the cell (A). The fluid in the cell (A) was mixed
by Takachiho Chemical Industry Co. Ltd. with the guarantee by means of the magnetic-driven agitator (). Each phase was

of 99.9 % in purity. Methanol was a special-grade reagent of circulated through the circulation pump (C). After the steady
Wako Pure Chemical Industries Ltd. and was used without State was established for 3 h, the agitator (I) and circulation
pumps (C) were stopped. After 1 h, the densities and the pressure

* To whom correspondence should be addressed. Fax: (81)-24-956-8862.Wer€ measured by means of the density meters (D) and dead
E-mail: mkatoh@chem.ce.nihon-u.ac.jp. weight gauge (O), respectively. The sample of each phase was

High-pressure multiphase behavior is also important in the
development of new and highly efficient separation techniques
in the natural gas, oil, and petrochemical industries. In the
industrial process, alcohol is produced from hydration of alkenes.
With a static-circulation apparatusquipped by use of three
density meters, the phase equilibrium properties of ethyfene
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Figure 1. Schematic diagram of experimental apparatus: A, equilibrium cell; B, to sample reservoir; C, circulation pump; D, density meter; E, constant
temperature liquid bath; F, constant temperature air bath; G, pressure gauge; H, heater; |, agitator; J, thermometer; K, sampling valve;I\e;sifety va

motor; N, to gas chromatograph; O, to oil dead weight gauge; P, sample charging pump; Q, to vacuum pump; R, surge tank; S, sampling system; T, pressure
transducer; V, valve; W, visual glass window.

Table 1. Saturation PressureP, Liquid Mole Fraction x, Vapor
Mole Fraction y, Liquid Density p_, and Vapor Density py for
Ethylene (1) + Methanol (2)

P/MPa X1 Vi o/kg-m—3 ovlkg-m~3
278.15K
2.050 0.147 0.99¢ 742.3 30.2
2.659 0.189 0.992 722.2 42.2 &
3.613 0.295% 0.98% 675.3 67.0 §
4.015 0.378 0.98% 644.9 83.12
4.447 0.5250.90F 0.99¢ 568.%, 362.7 109.9
4524 0.989 0.997 322.¢¢ 118.¢

5.404 0.696 0.88% 517.Z, 403.6
5769 0.789 0.865 487.6,417.4

283.65K
2222 0.148 0.983 741.3 32.2
3.227 0.221 0.983 706.G¢ 53.2
4.227 0.325% 0.984 657.58 84.3 x
4816 0.432 0.998 610.9 119.2 Figure 2. Phase equilibria for ethylene (3) methanol (2) system at 278.15
4983 0.475 0.991 589.R 141.G¢ K: @, this work; — —, pseudocubic EOS{, = 0.0639); - - -, SRK EOS
5.003 0.4850.95% 0.9929 585.%,320.% 145.% (ki = —0.0417).
5.059 0.983 0.993 258.58 160.8
5390 0.506 0.930 575.9,352.8 6

5.906 0.532 0.894 564.0,375.6

aVapor—liquid equilibria. ? Vapor-liquid—liquid equilibria. ¢ Liquid—

liquid equilibria.

41
taken by the sampling valve (K). The sample was introduced &
into the sampling room (F) to be homogeneous vapor by a CEL

circulation of 2.5 h. The vapor obtained was analyzed by gas
chromatography. The uncertainties of the experimental equi- 2t
librium composition, density, temperature, and pressuretare
0.001 mole fraction£ 0.1 kgm=3, £ 0.01 K, and+ 1 kPa,
respectively. The reproducibility of VLLE was within 0.001 i
mole fraction at the same pressure. 0 UL S—
0 200 400 600 800

Results and Discussion #lkgm

. . L Figure 3. Saturated densities for ethylene (t)methanol (2) system at

Table 1 gives all the experimental results of coexisting phase 573 15 k: @, this work; — —, pseudocubic EOK{, = 0.0639) - - -, SRK

compositions and their saturated densities for the ethylene Eos g, = —0.0417).
methanol system at 278.15 K and 283.65 K. The VLLE phase
separation pressures were 4.447 MPa and 5.003 MPa, respecsaturated density diagrams in the vicinity of critical region at
tively, at 278.15 K and 283.65 K, as shown in Table 1. Figures 278.15 K. Figures 6 and 7, respectively, give the experimental
2 and 3, respectively, give the experimental pressure-composi-pressure-composition and their saturated density diagrams at
tion and their saturated density diagrams at 278.15 K. Figures283.65 K. Figures 8 and 9, respectively, show the expanded
4 and 5, respectively, show the expanded phase equilibrium andphase equilibrium and saturated density diagrams in the vicinity
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Figure 4. Expanded phase qu|l|br|um.d|agram for ethylepe+(11)1ethan_ol Figure 7. Saturated densities for ethylene (t)methanol (2) system at
(2) system at 278.15 K:@, this work; — —, pseudocubic EOSk{, = . . . g -
0.0639); - - -, SRK EOSk;> = —0.0417) 283.65 K: @, this work; O, Brunnep at 284.15 K;— —, pseudocubic EOS
' ' ' ' ' (ki2 = 0.0672); - - -, SRK EOSkj2 = —0.0406).
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Figure 5. Expanded saturated densities for ethylene-1mnethanol (2) X4
system at 278.15 K®, this work; — —, pseudocubic EOS{, = 0.0639); Figure 8. Expanded phase equilibrium diagram for ethyleneBthanol
---, SRK EOS ki = —0.0417). (2) system at 283.65 K®, this work; O, BrunneP at 284.15 K;O, Zeck
and Knapp at 283.60 K;— —, pseudocubic EOK{; = 0.0672); - - -, SRK
6 ; EOS (12 = —0.0406).
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Figure 6. Phase equilibria for ethylene () methanol (2) system at 283.65 100 200 300 400 500 600 700
K: @, this work; O, BrunneP at 284.15 K:O, Zeck and Knappat 283.60 Plkgm™
K; =~ — pseudocubic EOK{, = 0.0672); - - -, SRK EOSK = —0.0406). Figure 9. Expanded saturated densities for ethylene {1gthanol (2)

system at 283.65 K:®, this work; O, BrunneP at 284.15 K;— —,
of critical region at 283.65 K. In Figures 2 to 9, the solid lines pseudocubic EOSk{> = 0.0672); - - -, SRK EOSki> = —0.0406).
were smoothly drawn for the present experimental data obtained.
As shown in Figures 6 to 9, the data of Brunhagreed fairly equilibrium data for ethyleng- methanol are not available in
well with the present experimental results at 284.15 K. The the literature.
VLLE data given by Brunnérare however the graphically .
interpolated ones, combining the VLE and LLE data. The Correlation
saturated liquid data given by Zeck and Kn&gp 283.60 K The experimental data obtained were correlated with the
seem reasonable, comparing well with the present experimentalconventional SRK equation of statend the pseudocubic
data as shown in Figures 6 and 8. At 278.15 K, the previous equation of staté.
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The pseudocubic equation of sthie expressed as follows:  pseudocubic equation. In Figures 2 to 9, the horizontal lines
denote the VLLE separation ranges calculated with equations

__RT _a ._ (v — eb)(v + ob) ) of state. As shown in Figures 2 to 9, the VLLE separations in
> —b 2 v the narrow composition ranges.
Conclusions
=1-6)(5—-2) o=(1—-6)(5+2 2 . .
e=( E-2) ( )E+2) @ Phase equilibria and saturated densities for ethyléne
yy— 87 Py methanol at high pressures were measured at 278.15 K and
&= 10 0= ?c Z.= RCTC 3 283.65 K with a static-circulation apparatus including the VLLE
c and the vicinity of the critical region. The experimental data
5 obtained were correlated by the equations of state.
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