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Isothermal VLE and VE at 303.15 K for the Binary and Ternary Mixtures of
Di-isopropyl Ether (DIPE) + 1-Propanol + 2,2,4-Trimethylpentane

In-Chan Hwang," Mi-Young Jo," Hae-Yeon Kwak,” So-Jin Park,*" and Kyu-Jin Han*

Department of Chemical Engineering, College of Engineering, Chungnam National University, Daejeon 305-764, Korea, and
Department of Ammunition, Daeduk College, Daejeon 305-715, Korea

Isothermal vaporliquid equilibrium (VLE) data at 303.15 K are reported for the binary systems of di-isopropyl
ether (DIPE)+ 1-propanol, DIPE+ 2,2,4-trimethylpentane, and 1-propanrl2,2,4-trimethylpentane and also

for the ternary system of DIPE 1-propanoH- 2,2,4-trimethylpentane by using headspace gas chromatography.
Additionally, the excess molar volumegH) at 303.15 K for the same systems were also determined by measured
densities. The experimental binary and ternary VLE data were correlatedd®ithodel equations and thé

were correlated with the RedliefKister equation for binary systems and the Cibulka equation for ternary system,
respectively.

Introduction

The addition of fuel oxygenates to gasoline raises combustion
temperatures and improves engine efficiencies. The results are
lower levels of carbon monoxide and unburned hydrocarbons
in auto exhaust. Today, methytert-butyl ether (MTBE)
dominates the market, but the insufficient supply of this ether
increases the interest in heavier ethers. Di-isopropyl ether (DIPE)
could be a suitable gasoline additiveéAmong other ether
compounds, ethytert-butyl ether (ETBE) andert-amyl methyl
ether (TAME) have been used as oxygenates in gasoline. We
have reported the phase equilibria and mixture properties
systematically for new candidate materials of alternative addi-
tives and energy.®

In this work, the isothermal vapetiquid equilibrium
(VLE) data are reported at 303.15 K for the binary systems of
DIPE + 1-propanol, DIPE+ 2,24-trimethylpentane, and
1-propanol + 2,2,4-trimethylpentane and for the ternary
system of DIPEt+ 1-propanoh- 2,2,4-trimethylpentane by using 00 5 0'2 0'4 0‘6 0‘8 10
headspace gas chromatography (HSGC). While the experi- ' ’ ’ ' ’ ’
mental binary VLE data were correlated using Margules, X Vi
van Laar, Wilson, nonrandom, two-liquid (NRTL), and UNI-  Figure 1. VLE for the three binary systems of DIPE, 1-propanol, and 2,2,4-
QUAC equations, the ternary VLE data were correlated trimethylpentane at 303.15 K: filled symbols, liquid phase; open symbols,
with Wilson, NRTL, and UNIQUAC models. Additionally,  vapor phase®, DIPE (1)+ 1-propanol (2)A, DIPE (1)+ 1-propanol (2)
densities §) at 303.15 K for the same binary and ternary systems Py Villamanén et al.” m, DIPE (1)+ 2,2,4-trimethylpentane (2}, DIPE
were measured by using a digital vibrating tube densimeter. The (1) + 2:2:4-trimethylpentane (2) by Wichterfet, 1-propanol (1} 2,2.4-

. trimethylpentane (2) by Hiaki et a% v, 1l-propanol (1)+ 2,2,4-
excess molar VOIumeS\(%) were ca]gulated from directly trimethylpentane (2) from previous wofkSolid curves were calculated
measured pure and mixture densities, and theSedata from GE model equation.

were correlated with the RedliefKister polynomial for
binary data and the Cibulka equation for ternary data, respec-

Pressure / kPa

tively. all the chemicals were dried using molecular sieves with a pore
diameter of 0.4 nm. The purity of the chemicals was checked
Experimental Section by gas chromatograph and by comparing the density with

) ) ) ] reported values in the literatures. Purity of all the samples was
Materials. The chemicals of analytical commercial grade of ore than 99.9 wt % by gas chromatographic analysis. The
high-purity were used in this work. Before the measurement, measured densities of the samples are summarized in Table 1

with Antoine constants and critical properties of the pure
* Corresponding author. E-mail: sjpark@cnu.ac.kr. Tel82-42-821-5684. substances.
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t Chungnam National University. Apparatus and ProcedureddSGC was used for the measure-

*Daeduk College. ment of isothermal VLE data for all the binary and ternary
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Table 1. Densities, Refractive Indices, Antoine Constants, and Critical Properties of Pure Components

pat298.15K Antoine constarits critical propertied
present literature
chemicals study value A B C Te/(K) Pc/(kPa) Ve/(crmé-mol—1)
DIPE 0.71873 0.71870 6.84953 1139.34 218.742 500.00 2877.63 386.00
1-propanol 0.79981 0.79970 7.74887 1440.74 198.800 536.70 5167.58 218.50
2,2,4-trimethyl pentane 0.68781 0.68774  6.96602 1339.49 229.033 543.80 2569.60 468.00
aRef 14.PRef 15.
Table 2. Isothermal VLE for Binary Systems of DIPE (1) + 1-Propanol (2) and DIPE (1)+ 2,2,4-Trimethylpentane (2) at 303.15 K
Pca/kPa X1 Y1 Y1 V2 Pca/kPa X1 Y1 71 V2
DIPE + 1-propanol DIPE+ 2,2,4-trimethylpentane
5.05 0.0199 0.2671 2.782 1.001 8.76 0.0197 0.0692 1.264 1.001
6.15 0.0399 0.409 2.587 1.003 9.17 0.0410 0.1284 1.181 1.003
7.22 0.0601 0.5061 2.499 1.005 9.51 0.0590 0.1741 1.153 1.004
8.29 0.0799 0.5783 2.464 1.006 9.89 0.0786 0.2217 1.145 1.005
10.60 0.1192 0.6847 2.498 1.005 10.61 0.1188 0.3040 1.115 1.008
12.16 0.1694 0.7346 2.165 1.030 12.72 0.2316 0.4944 1.115 1.007
14.07 0.2294 0.7822 1.970 1.053 11.55 0.1696 0.3974 1.111 1.008
15.62 0.2891 0.8133 1.804 1.087 13.67 0.2886 0.5611 1.091 1.015
16.81 0.3495 0.8343 1.648 1.134 14.72 0.3497 0.6255 1.081 1.019
17.91 0.409 0.8524 1.533 1.185 15.61 0.4087 0.6747 1.058 1.033
18.77 0.4708 0.8659 1.417 1.260 16.52 0.4695 0.7210 1.042 1.045
19.51 0.5296 0.8774 1.327 1.346 17.57 0.5289 0.7684 1.048 1.039
20.23 0.5902 0.889 1.251 1.452 18.43 0.5883 0.8038 1.034 1.057
20.71 0.6505 0.8974 1.173 1.611 19.19 0.6500 0.8337 1.010 1.097
21.35 0.7101 0.9093 1.123 1.770 20.12 0.7095 0.8687 1.012 1.094
21.92 0.7685 0.9209 1.078 1.984 20.93 0.7696 0.8971 1.002 1.124
22.62 0.8300 0.9372 1.049 2.214 21.88 0.8293 0.9283 1.006 1.105
23.20 0.8803 0.9521 1.030 2.460 22.60 0.8786 0.9499 1.003 1.121
23.59 0.9179 0.9637 1.017 2.764 23.19 0.9194 0.9671 1.002 1.137
23.80 0.9397 0.9709 1.009 3.047 23.50 0.9404 0.9758 1.001 1.148
23.99 0.9581 0.9785 1.006 3.259 23.77 0.9595 0.9836 1.001 1.159
24.19 0.9804 0.9885 1.001 3.750 24.06 0.9797 0.9918 1.000 1.170

. Table 3. The GE Model Parameters and Mean Deviation between
systems. The HSGC consists of a gas Chrom"_ﬂuOgre_‘phthe Calculated and Experimental Vapor-Phase Mole Fraction Ays)
(HP 6890N) and a headspace sampler (HP19395A) in which for the Binary Systems at 303.15 K

the precision thermostat, having an accuracy4of0.1 K

model equation A2 Ay o Ay1
. : i o i o i .
is equipped. The HP-5 (5 % d|ph'e|=ry95 % dimethylsiloxane, DIPE (1)+ 1-propanol (2)
30 m x 0.32 mmx 0.25um) capillary column and a thermal Margules 4.3723 5.3480 0.0026
conductivity detector were used for the analysis. The uncertainty van Laar 4.4058 5.3932 0.0025
of the measured equilibrium mole fraction is abautl-1074. Wilson —432.9135 4037.1316 0.0030
The procedure of measurement has been described in detail BEITLUAC gggégi‘ig _%2345-3%2 0.4954 036020529
elsewheré:® The excess volume was calculated directly from Q : _ : :
measured pure and mixture density using Art®aar model Varaul DIPE (1)J727v§i4't”methg'ggg?”e @ 0,001

. . . . : argules . . .

5000_ vibrating _tube dlgl'[6a| den:%;ty meter. The accuracy of this van Laar 0.7845 0.6590 00021
density meter ist 5:107° g-cm™3. The measuring procedure  ilson 1068.9451 —588.2419 0.0021
can be found elsewhefe. NRTL —441.4760 936.8951  0.3000  0.0021

UNIQUAC —580.0329 779.4537 0.0021
Results and Discussion 1-propanol (1} 2,2,4-trimethylpentane (2)

Margules 2.4457 1.7514 0.0234

Isothermal VLE. In the HSGCG-VLE measurement method, van Laar 2.5459 1.7674 0.0213

h ilibrium br r nn m r i lcul Wilson 2001.1213 178.5385 0.0047
]E N e?# briu p eSful €ca o:] be measu eg:_but s(;:a;hcu ated NRTL 827.7101 1433.8981  0.5024  0.0083
rom the experimental vapor-phase composition and thermo- ;\ouac 9994994 930.5280 0.0209

dynamic equation%.The true liquid compositions can be
calculated from the experimental vapor-phase equilibrium
composition using the mass balance. The experimental VLE

compositions and calculated pressures for the binary systems . )
of DIPE (1) + 1-propanol (2), and DIPE (1)} 2.2,4- measured binary VLE data for DIPE 1-propanol, DIPE+

trimethylpentane at 303.15 K are listed and plotted in Table 2 @s;g_tggj tzgﬁzr;traér;eﬁpﬁ tlﬁgr?gsoﬁﬁgaz’g;{én;esthgr:%ﬂa&e
aT‘d Figure 1. The binary VLE for the 1-pr0panp| (2)2,2,4- Figure 1, respectively. We compared the calculated data using
trimethylpentane (2) were taken from our previous waakd binary parameters with reference data. The experimental binary
also represented in Figure 1 for comparison. VLE data were correlated with Margules, van Laar, Wilson,
As shown in Figure 1, the binary systems DIfPEL-propanol NRTL, and UNIQUAC equations, and the adjustable binary
and DIPE+ 2,2,4-trimethylpentane are zeotrope systems. The parameters are listed in Table 3 along with the mean deviations

a2 Parameters taken from ref 7.



Journal of Chemical and Engineering Data, Vol. 52, No. 6, 20@305

- 7 > 0.0
0.0 0.2 0.4 0.6 0.8 1.0
RITR]
Figure 2. VLE for the ternary system of DIPE (1) 1-propanol (2)+
2,2,4-trimethylpentane (3) at 303.15 @, liquid phaseO, vapor phase.
Dashed lines were calculated from NRTL equation.

0.4

Figure 4. Isoclines of constar¥® (cm*mol~1) for ternary system of DIPE
(1) + 1-propanol (2}+ 2,2,4-trimethylpentane (3) at 303.15 K.

parameters with ternary correlation data. The mean deviation
of comparing result wad\y = 0.0214. The eaclGF model
parameters and the mean deviation of vapor-phase mole fraction
(AYmean are given in the Table Aymeancan be determined by
following eq 2

VEem’mol!

Ay, + Ay, + Ay
AYpean= %“ )

: : : : Excess Molar Volumes.The measured density and®
0002 04 06 08 1.0 at 303.15 K for the same hinary systems are listed in Table 6.
x, VE for multicomponent mixtures are calculated from the meas-

Figure 3. VE for three binary systems of DIPE, 1-propanol, and 2,2,4- ured densities of pure substances and mixtures by using eq 3
trimethylpentane mixture at 303.15 K@, DIPE (1) + 1-propanol (2)M,

DIPE (1) + 2,2,4-trimethylpentane (2)y, 1-propanol (1)+ 2,2,4- inMi

trimethylpentane (2). Solid curves were calculated from RediiKister T XM,

polynomial. VE= — Z(— 3)
Pm [ Oi

between experimental and calculated data. The mean deViatiOﬂNhereXi, Mi;, 0i andpm are the mole fraction, molar mass, pure
of vapor-phase mole fractiom\f;) was calculated from eq 1 component density, and mixture density, respectively. The
measured binary® data were correlated with Redlietister

Aw:w @ polynomial of eq 4! The solid lines in Figure 3 indicate
N calculated values using correlated parameters
whereN is the number of experimental data points. The binary 4 _
parametersAj;) for calculation of Iny(activity coefficient) of V'fzcm‘?-molfl = X%y AX — x2)"1 (4)

Wilson, NRTL, and UNIQUAC models means =
o The standard deviation of the fitsg;, is then defined as
A = (A — A3)/Fmol = (Wilson)
2 1/2
Ay = (G — G)/Fmol™ (NRTL) 2 (Vea= Verd)
[

3, -1_
A; = (u; — y;)/dmol™* (UNIQUAC) ofemmel (N—n) X

The ternary VLE data of DIPE (3 1-propanol 21 2,2,4- whereN is the number of experimental data points, anis
trimethylpentane (3) system at 303.15 K are listed in Table 4 the number of fitted parameters. The experimental densities and
and illustrated in Figure 2. The ternary VLE data were correlated excess molar volumes for the binary systems of DIPE+(1)
with Wilson, NRTL, and UNIQUAC models. Among them, 1-propanol (2), DIPE (1) 2,2,4-trimethylpentane (2), and
the NRTL model provided the best correlation result. Dashed 1-propanol (1)+ 2,2,4-trimethylpentane (2) at 303.15 K are
lines in Figure 2 represent the calculated values by NRTL listed in Table 6 and depicted in Figure 8% of DIPE +
equation. We compared the calculated data using binary 1-propanol show negative deviations and an almost parabolic
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Table 4. Isothermal VLE for the Ternary System of DIPE (1) + 1-Propanol (2) + 2,2,4-Trimethylpentane (3) at 303.15 K

Pca/kPa X1 X2 Y1 Y2 Vi Y2 Pca/kPa X1 X2 Vi Y2 Y1 Y2
61.24 0.0685  0.4750  0.0927 05324  1.05 1.56 69.97 0.3965  0.4340  0.4987 0.3613  1.09
59.88 0.0554 0.3858 0.0533 0.5022 0.99 1.86 69.49 0.3256 0.5345 0.4581 0.4042 1.19
58.41 0.0433 0.3038 0.0676 0.5265 0.93 2.28 68.19 0.2511 0.6412 0.4078 0.4585 1.32
62.42 0.1987 0.3568 0.2283 0.4620 0.97 1.81 59.95 0.0886 0.8728 0.3655 0.5061 1.75
58.30 0.1287 0.2293 0.1489 0.4508 0.90 271 75.67 0.5949 0.3389 0.2079 0.6989 1.08
56.16 0.0946  0.1699  0.1136  0.4431  0.88 3.55 74.95 0.5103 0.4330 0.6265 0.3254 1.16
48.59 0.0308 0.0563 0.0430 0.3829  0.92 8.28 73.50 04181  0.5345 0.5700 0.3813  1.26
59.92 0.2665  0.2028  0.2976  0.3833  0.90 2.65 71.15 0.3222  0.6424  0.5090 0.4449  1.40
57.29 0.2096 0.1613 0.2426 0.3832 0.89 3.29 67.17 0.2216 0.7536 0.4525 0.5046 1.58
54.49 0.1550 0.1195 0.1898 0.3818 0.88 4.29 52.44 0.4049 0.0480 0.4382 0.5165 0.91
50.98 0.1024 0.0780 0.1358 0.3701 0.90 6.04 54.49 0.5054 0.0380 0.5010 0.2059 0.92
57.93 0.3620 0.1199 0.4076 0.2977 0.90 3.36 57.55 0.6062 0.0301 0.6088 0.1511 0.92
54.50 0.2881  0.0942  0.3424 0.3046  0.89 4.16 61.31 0.7044  0.0231  0.6964  0.0984  0.94
50.99 0.2139  0.0700  0.2733  0.3033  0.90 5.33 65.71 0.8042  0.0144 0.7813  0.0661  0.95
40.96 0.0706  0.0229  0.1196 0.2480 0.96 10.6 60.81 0.4174  0.1447 0.8603 0.0381  0.90
48.97 0.3626 0.0323 0.4773 0.1626 0.92 5.36 62.32 0.5188 0.1191 0.4531 0.2978 0.91
44.72 0.2715 0.0229 0.3967 0.1570 0.94 6.72 64.28 0.6163 0.0959 0.5510 0.2473 0.92
41.18 0.1805 0.0176 0.2938 0.1631 0.96 8.51 66.61 0.7134 0.0713 0.6398 0.2010 0.94
61.26 0.0463 0.5343 0.0651 0.5532 1.10 1.45 72.93 0.9077 0.0215 0.7315 0.1507 0.98
61.46 0.0357  0.6412 0.0564 05782  1.20 1.27 65.64 04310  0.2464  0.9129  0.0486  0.94
60.88 0.0241  0.7543  0.0407 0.6450 1.34 1.14 67.31 0.5309  0.2038  0.4581  0.3416  0.94
63.05 0.1696  0.4342  0.2058  0.4864  1.03 1.58 69.05 0.6281  0.1619  0.5485 0.2893  0.95
63.55 0.1391 0.5350 0.1803 0.5188 111 1.37 70.86 0.7267 0.1178 0.6299 0.2485 0.96
63.43 0.1078 0.6413 0.1555 0.5609 1.23 1.22 72.88 0.8194 0.0788 0.7147 0.1981 0.97
59.16 0.0380 0.8731  0.0890 0.7045  1.63 1.03 71.44 0.5443  0.2917  0.7999  0.1452  1.01
65.40 0.3310 0.3383 0.3691 0.4039 0.98 1.73 73.19 0.6430 0.2291 0.5648 0.3266 0.99
66.10 0.2839  0.4329  0.3348  0.4404  1.05 1.48 74.67 0.7370  0.1687  0.6413  0.2800  0.99
66.24 0.2326  0.5350  0.2980  0.4844  1.14 1.30 76.67 0.9154  0.0539  0.7145 0.2309  0.99
65.63 0.1788  0.6420  0.2525 05432  1.27 1.17 77.17 0.6556  0.3000  0.8837  0.0992  1.07
63.85 0.1229 0.7533 0.2077 0.6084 1.43 1.08 78.23 0.7469 0.2205 0.6680 0.2996 1.03
69.79 0.4632 0.3381 0.4987 0.3613 1.02 1.60 78.74 0.8364 0.1427 0.7265 0.2534 1.01

Table 5. Fitted GF Model Parameters and Standard Deviations for Table 6. Densities, Excess Molar Volumes for the Binary Systems of
the Ternary System of DIPE (1)+ 1-Propanol (2) + DIPE (1) + 1-Propanol (2), DIPE (1) + 2,2,4-Trimethylpentane (2)
2,2,4-Trimethylpentane (3) at 303.15 K and 1-Propanol (1)+ 2,2,4-Trimethylpentane (2) at 303.15 K

GE model Aj Aj o Ay o VE ) VE

Wilson X1 gcm3  cmPmol! X1 grcm=3  cme-mol™!
1+2 —1403.1488 4399.2404 DIPE + 1-propanol

ii g gggg_';ggg :ggg:ggg? 0.0186 0.0000  0.79655 0.0000  0.6006  0.74173 —1.0450

0.0504 0.79059 —0.1635  0.6995 0.73454 —0.9542
NRTL 0.0991 0.78596 —0.3926  0.7994 0.72746 —0.7577

1+2 2907.9796  —142.6840 0.2321 0.2001 0.77566 —0.6714  0.8981 0.72072 —0.4776
2+3 4254.7673 6098.2478 0.5381 0.0183 0.2994 0.76652 —0.8945  0.9498 0.71720 —0.2810
1+3 1050.6756 —821.2188 0.1000 0.4000 0.75767 —1.0156 1.0000 0.71351 0.0000

UNIQUAC 0.5018 0.74930 —1.0622

1+2 2709.4421  —975.3887 DIPE + 2,2,4-trimethylpentane
2+3 —1199.6415 5484.2767 0.0196 0.0000 0.68374 0.0000 0.6002  0.69934 0.2515
1+3 —197.1848 226.7565 0.0504  0.68487 0.0401  0.7009  0.70260 0.2176

0.1020  0.68603 0.0846 0.7849  0.70555 0.1572
. 0.1985  0.68829 0.1563  0.9013  0.70978 0.0737
shape. On the other sid¥® of DIPE + 1-propanol show 0.3010  0.69084 0.2146  0.9512 0.71168 0.0302
positive deviations. This may be caused according to the 3996 0.69342 0.2576 1.0000 0.71351 0.0000
hydrogen bond rupture or dispersive interaction force between 0.5002  0.69627 0.2714
unlike two molecules as mentioned as explanation of Chen and 1-propanok- 2,2,4-trimethylpentane
Tul2The system 1-propanet 2,2,4-trimethylpentane at 303.15  0.0000 0.68374 0.0000 0.5989  0.72833 0.1295
K shows negative deviation in the 1-propanol rich region 0.0484 0.68575 0.1242  0.6995 0.74112 0.0611
resulting from the strong polarity of 1-propanol, while it shows 0.0993  0.68826 0.1911  0.7998  0.75621 0.0129
positive deviation in the 2,2,4-trimethylpentane rich region. The 0.2038  0.69424 02548  0.8984  0.77429 —0.0353
binary VE data were correlated with the RedlieKister 0.2983  0.70064 0.2526  0.9502 0.78501 —0.0196
. - . 0.4000 0.70863 0.2231 1.0000  0.79655 0.0000
polynomial, and the calculated values (solid line) with each 5007 0.71782 0.1824

correlated parameters are in good agreement in experimental

values as shown in Figure 3. ThE data for the ternary system  in Table 7. The ternaryE are correlated with Cibulka equatién

of DIPE + 1-propanol+ 2,2,4-trimethylpentane were also

derived from measured ternary densities similar to the binary Ve, = Vo, + Vo + Vg + XpX(A, + AXy + AgXy) (6)

systems. The densities aM for the ternary system of DIPE

1.39
1.24
1.13
1.02
1.48
131
1.19
1.10
1.04
4.56
4.17
3.79
3.46
3.19
2.86
2.85
2.82
2.81
2.77
2.03
2.12
2.23
2.35
2.46
1.68
1.82
2.00
2.45
1.54
1.74
1.99

+ 1-propanol+ 2,2,4-trimethylpentane at 303.15 K are listed Wherevfzi, V§3*, andv'fy represent the excess molar volumes
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Table 7. Densities and Excess Molar Volumes for Ternary System of DIPE (3 1-Propanol (2) + 2,2,4-Trimethylpentane (3) at 303.15 K

p VE P VE
X1 X2 g-cm3 cmé-mol~?t X1 X2 g-cm3 cmé-mol—?t
0.0595 0.5406 0.72568 —0.0204 0.1010 0.7980 0.76555 —0.3487
0.0495 0.4491 0.71567 0.0708 0.4198 0.3987 0.73069 —0.6508
0.0405 0.3605 0.70736 0.1382 0.3488 0.5016 0.73919 —0.6742
0.0293 0.2686 0.69977 0.1987 0.2812 0.5977 0.74819 —0.6945
0.0201 0.1791 0.69355 0.1977 0.2095 0.7004 0.75859 —0.6248
0.1780 0.4230 0.72005 —0.2027 0.0696 0.9007 0.78243 —0.2778
0.1487 0.3511 0.71166 —0.0633 0.5416 0.3995 0.73811 —0.9247
0.1201 0.2827 0.70465 0.0374 0.4497 0.5008 0.74625 —0.9710
0.0912 0.2102 0.69809 0.1261 0.3609 0.5986 0.75454 —0.9304
0.0313 0.0717 0.68769 0.1644 0.2707 0.6998 0.76405 —0.8374
0.3006 0.2973 0.71380 —0.2468 0.1796 0.8000 0.77441 —0.6970
0.2527 0.2469 0.70714 —0.0843 0.4017 0.0556 0.69768 0.0886
0.2000 0.1999 0.70136 0.0253 0.5009 0.0480 0.70019 0.0928
0.1532 0.1499 0.69618 0.0960 0.6012 0.0382 0.70272 0.0798
0.1003 0.1016 0.69155 0.1151 0.7007 0.0307 0.70546 0.0633
0.3488 0.1529 0.70337 —0.0751 0.8005 0.0194 0.70807 0.0292
0.2789 0.1215 0.69847 0.0351 0.4013 0.1781 0.70744 —0.1681
0.2081 0.0922 0.69416 0.1015 0.4961 0.1567 0.70931 —0.2161
0.0692 0.0291 0.68663 0.1056 0.6019 0.1176 0.70993 -0.2121
0.3611 0.0378 0.69507 0.1522 0.6997 0.0908 0.71110 —0.1840
0.2690 0.0312 0.69197 0.1641 0.8967 0.0327 0.71314 —0.1305
0.1806 0.0205 0.68895 0.1543 0.3996 0.3008 0.71891 —0.4271
0.0418 0.5973 0.73114 —0.0214 0.4973 0.2512 0.71843 —0.4566
0.0302 0.6984 0.74349 —0.0580 0.6006 0.2005 0.71794 —0.4571
0.0188 0.7999 0.75791 —0.0450 0.6997 0.1496 0.71715 —0.4328
0.1490 0.5029 0.72693 —0.2158 0.7946 0.1029 0.71634 —0.3599
0.1186 0.6009 0.73686 —0.2433 0.5030 0.3487 0.72946 —0.7081
0.0915 0.6991 0.74841 —0.2407 0.6011 0.2798 0.72672 —0.7141
0.0290 0.9014 0.77787 —0.1175 0.7015 0.2074 0.72355 —0.6539
0.2984 0.4024 0.72428 —0.4043 0.8989 0.0725 0.71757 —0.3510
0.2486 0.5020 0.73304 —0.4697 0.6014 0.3578 0.73644 —0.9661
0.2006 0.5986 0.74248 —0.4859 0.7033 0.2677 0.73082 —0.8821
0.1491 0.7005 0.75350 —0.4402 0.7977 0.1837 0.72569 —0.7437
Table 8. Fitted Parameters for the Redlich-Kister or Cibulka The VE were correlated with the RedliefKister equation for
Equation and| Standard De\/_latlorr:s| for Ternary System of DIPE (1) binary systems and Cibulka equation for ternary systems,
+ 1-Propanol (2) + 2,2,4-Trimethylpentane (3) at 303.15 K respectively.
system A A As Ay Ost
@)+ (2) —4.2651 —0.1726 —0.6828 —0.8619 0.0170 Literature Cited
1)+ (3) 1.0791 —-0.0064 —0.3391 —0.0791 0.0030 (1) Arce, A; Arce, A., Jr.; Mafnez-Ageitos, J.; Rodil, E.; Réiguez,
2)+@3) 0.7163 —0.9564 0.3070 —0.9350 0.0061 O.; Soto, A. Physical and equilibrium properties of diisopropyl ether
W+E@+E -50363 1.0435 5.3948 0.0178 + isopropyl alcohoh- water systemEluid Phase Equilib200Q 170,
113-126.

andxq, X2, andxs are mole fractions of component DIPE (1), (2) Oh, J. H.; Park, S. J. Isothermal Vapor-Liquid Equilibria at 333.15 K
1-propanol (2), and 2,2,4-trimethylpentane (3). The correlated and Excess Molar Volumes at 298.15 K of Etigit-Butyl Ether

: ; ; : (ETBE) + Alcoh-1-ol (G-Cq4) Mixtures.J. Chem. Eng. Datd998
values are in good agreement with the experimental data with 43, 1009-1013.

standard deviations of 0.0178 émol ~ ! for the DIPE + (3) Park, S. J.; Han, K. J.; Gmehling, J. Vapor-liquid equilibria and excess
1-propanoH- 2,2,4-trimethylpentane. The correlation results are properties for methyltert-butyl ether (MTBE) containing binary
represented in Figure 4. The solid lines in Figure 4 represent = SystemsFluid Phase Equilib2002 200 399-409.

tant excess molar volumes of the ternary svstems calculated (4) Han, K. J.; Oh, J. H.; Park, S. J. Densities and Viscosities for the
Cons, . ry sy ’ Ternary Systems of Methyert-Butyl Ether (MTBE)+ Methanol+
by Cibulka equation. In Table 8, the parameters of Redlich Benzene and Methyeért-Butyl Ether+ Methanol+ Toluene and their

Kister and Cibulka equation were listed together with standard Sub-binary Systems at 298.15 K.Chem. Eng. Dat2006 51, 1339~

o . P 1343.
deviations of the binary and ternary systems studied in this work. (5) Fischer, K. Park, . J.: Gmehling, J. Vapor-liquid equilibria for binary
. system containing methanol or ethartekt-butyl methyl ether otert-
Conclusion amyl methyl ether, and butane or 2-methyl propene at 3GB Rhys.
Isoth | liquid ilibri LE d | Chem. Ref. Datd996 2, 135-148.
sothermal vaporliquid equilibrium (V ) and excess molar (6) Oh, J. H.; Park, S. J. Isothermal vapor-liquid equilibria of 2-methoxy-
volumes F) data at 303.15 K were experimentally determined 2-methylbutane(TABE}n-alcohol(G~Cy) mixtures at 323.15 and
for each binary and ternary mixture of DIPE, 1-propanol, and 333.15 K.J. Chem. Eng. Datd997, 42, 517-522.
(7) Hwang, I. C.; Lim, H. M.; Park, S. J.; Han, K. J.; Park I. H. Isothermal

2,2 ,4-trimethylpentane. The binary systems DHPE-propanol i 1 T
. vapor-liquid equilibrium at 303.15 K and excess molar volumes at
and DIPE+ 2,2,4-trimethylpentane are zeotrope systems. The 298.15 K for the ternary system of propy! vinyl ether1-propanol

binary VLE data were correlated well with comm@% model + 2,2,4-trimethyl- pentane and it's binary sub-systefisid Phase
equations. The ternary data were correlated with the Wilson, © \E/ﬂg:':;?é?] DFf{eS,\j-. Chamorro, C. R.: Vilamim, M. A.: Segovia, J
NRTL, and UNIQUAC models, and the NRTL model provided J. Total pre'ssiJre”and exces§ Gfbbg energy fo’r tHe térnary mi>'<tu're di-
better results than the models. isopropy! ethert 1-propanok- benzene and its corresponding binary
The binaryVE data of DIPE+ 1-propanol show negative systems at 313.15 Krluid Phase Equilib2006 239, 183-187.
deviations, while those of DIPE 2,2,4-trimethylpentane show (9) Wichterle 1. Isothermal vapor-liquid equilibria in the ternary system
. ’ . L propan-2-oH- diisopropyl ethert- 2,2,4-trimethylpentane and the three
positive values in the whole composition range. The system 1- binary subsystems at 330 K and 340 Eng) ELDATA: Int. Electronic

propanoH- 2,2,4-trimethylpentane shows an S-shagedurve. J. Phys.-Chem. Dat4999 5, 179-190.
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(10) Hiaki, T.; Takahashi, K.; Tsuji, K.; Hongo, M.; Kojima, K. Vapor-  (13) Cibulka, I. Estimation of Excess Volume and Density of Ternary Liquid

Liquid Equilibria of Ethanol+ 2,2,4-Trimethylpentane at 333.15 K Mixtures of Nonelectrolytes from Binary Dat@ollect. Czech. Chem.

and 1-Propanot- 2,2,4-Trimethylpentane at at 343.15 K. Chem. Commun1982 47, 1414-1419.

Eng. Data.1994 39, 605-607. (14) Dortmund Data Bank Software Package (DDBSP), version 2006
(11) Redlich, O.; Kister, A. T. Algebraic Representation of Thermodynamic professional, (http://www.ddbst.de). _ _

Properties and the Classification of Solutiolsl. Eng. Chem1948 (15) Cher_], H.W.; Tu, C. H. DQnSItIeS, Vlsgosmes, and Refractive Indices

40, 345-348. for Binary and Ternary Mixtures of Diisopropyl Ether, Ethanol, and

(12) Chen, H. W.; Tu, C. H. Densities, Viscosities, and Refractive 2,2,4-Trimethylpentanel. Chem. Eng. Data2006 51, 261-267.
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