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PHASE EQUILIBRIA IN THE TERNARY 

ETHER + HEPTANE + OCTANE 
SYSTEM METHYL 1,l -DIMETHY LETHYL 

J A I M E  WISNIAK".*, G A B R I E L A  EMBON",  R A N  S H A F I R " ,  
R I C A R D O  R E I C H "  and H U G O  SEGURA" 

Vapor-licluid ecluilihrium at  94 kl'a liiis heen dctcrmiiied for t l ic  ternary sy\teiii iiie~liyl 
I. I -cliiiicthylethyl cthcr ( M T B E )  t heptaiie t octane. 'The system dcvkitcs positively Vroin 
itleality and no ii/,t.citi-opc i s  present. The ternary iictivity coeflicicnts and the hoil i i ig 
points of the system liiivr been correlated with the composition using the Ketllicli-Kistcr. 
Wilson. N l l T L .  UNIQUAC' .  IJNIFAC'. i i n d  Wisniiik-'lciinir ~.cl;itioiis. Most of t he  
inodcls allow ;I very good prediction 01' the nct iv i t j  coellicieiits 01 tlie tcrnarq bystem 
from those 01 the pel-tincnt binary systcms. 

1. INTRODUCTION 

The Reformulated Gasoline Program of thc United States requires t h a t  
gasolinc m LI st 1'11 I fi I 1  stringent req it i  rcmen t s on ozo tie- fo rtii i ng and ii i  r 
toxiccmissions. In order t o  d o  so gasoline has to contain 1.7"/0 oxygen by 
mass in the n.intct- m o n t h s  in are;is t h a t  arc i n  non-attniniiient on CO 
s t ;I nd ;I rd  s . Corn m o ti I y L I S C ~  o x  y gc ti ;I t i  ti g add i t i  vcs i\ rc M THE. met h ;I ti o 1 
and ethanol. M T B E  i t  is thc primary oxygenated compound being used 
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to improve the octane rating and pollution-reducing capability of 
gasolines. Phase equilibrium data of oxygenated mixtures are important 
Tor predicting the vapor phase composition that would be in equilibrium 
with hydrocarbon mixtures, and the system reported here constitutes an 
example of such mixtures. Vapor-liquid equilibrium data for the three 
binary systems methyl 1 ,I-dimethylethyl ether ( I )  + heptane (2), methyl 
1 ,I-dimethylethyl ether (1)  + octane ( 3 ) ,  and heptane (2) +octane (3) 
have already been reported at  94 kPa by Wisniak er a/. [ I ,  21, the three 
systems present slight to moderate positive deviations from ideality and 
do not have azeotropic points. The present work was undertaken to 
measure vapor-liquid equilibria (VLE) data for the ternary system Tor 
which no data are available. 

2. EXPERIMENTAL SECTION 

2.1. Purity of Materials 

Methyl 1 ,I-dimethylethyl ether (99.93 mass%), heptane (99.57 +mass 
%), and octane (99.80 mass "0)  were purchased from Aldrich. The 
reagents were used without further purification after gas chromatogra- 
phy failed to show any significant impurities. The properties and purity 
(as determined by GLC) of the pure components appear in Table I .  

2.2. Apparatus and Procedure 

An all-glass vapor-liquid-equilibrium apparatus model 602, manufac- 
tured by Fischer Labor-und Verfahrenstechnik (Germany), was used 
in the equilibrium determinations. In this circulation method 
apparatus, about 100 mL of the solution is heated to its boiling point 

T A B L E  I 
and nomial boiling points 7' of pure components 

Mole percent GLC purities (mass I % ) ,  refractivc index 11,)  at the N a  D line. 

methyl I. 1 - dimethylethyl ether (99.93) I ,366 I " 338.29" 
1.3663" 328.35h 

heptane (99.57) I ,385 I 37 I .54" 
1.385 13' 371.553' 

octane (99.80) 1.3948" 398.50" 
1.3951" 398.83'l 

"Me;~wrod. hTRC Tables. a-6040 [ I ? ] .  'TRC Tnhl rs .  lh-1460 [13]. "TRC Tables. 1-1490 [I31 
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by a 250 W immersion heater (Cottrell pump). The vapor-liquid mixture 
flows through an extended contact line which guarantees an intense 
phase exchange and then enters a separation chamber whose construc- 
tion prevents an entrainment of liquid particles into the vapor phase. 
The separated gas and liquid phases are condensed and returned to a 
mixing chamber, where they are stirred by a magnetic stirrer, and 
returned again to the immersion heater. Temperature control is achieved 
by a 5 mm diameter Pt-100 temperature sensor, with an accuracy of 
0.1 K .  The total pressure of the system is controlled by it vacuum pump 
capable of working under pressures down to 0.25 kPa. The pressure is 
measured by a Vac Probs pressure transducer with an accuracy of 0.1 
kPa. On the average the system reaches equilibrium conditions after 
0.5- I h of operation. Samples, taken by syringing 0.7 pL after the 
system had achieved equilibrium, were analyzed by gas chromatography 
on a Cow-Mac series 550 P apparatus provided with a thermal 
conductivity detector and a Spectra Physics Model SP 4290 electronic 
integrator. The column was 3 m long and 0.2 cm in diameter, packed 
with SE-30. The column, injector, and detector temperatures were 
(368.15, 493.15, and 543.15) K .  Very good separation was achieved 
under these conditions, and calibration analyses were carried out to 
convert the peak ratio to the inass composition of the sample. The 
pertinent polynomial fits had a correlation coefficient R' better than 
0.99. Concentration measurements were accurate to better than 0.009 
mole fraction. 

3. RESULTS 

The temperature T and liquid-phase .yI, and vapor-phase y ,  mole 
fraction measurements at P = 9 4  kPa are reported in Table 11, together 
with the activity coefficients yI which were calculated from the 
following equation [3]:  

where T and P are the boiling point and the total pressure, V,' is the 
molar liquid volume of component i, PI' is the pure component vapor 
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pressure, Bii and BIi are the second virial coefficients of the pure gases, 
Bii is the cross second virial coefficient, and 

(2) 6.. - 2B, ~ B.. ~ B.. v -  / I  

The standard state for calculation of activity coefficients is the pure 
component at the pressure and temperature of the solution. The pure 
component vapor pressures PI' were calculated according to the 
Antoine equation: 

where the Antoine constants A;, Bi, and C, are reported in Table 111. 
The molar virial coefficients Bji and B,, were estimated by the method 
of Hayden and O'Connell [4] by assuming the association and 
solvation parameters to be negligible. The last two terms in Equation 
( I )  contributed less than 7% to the activity coefficients, and their 
influence was important only at very dilute concentrations. The 
calculated activity coefficients reported in Table I I are estimated 
accurate to within 3% and were found to be thermodynamically 
consistent as tested by the L-W method of Wisniak [5]  and the 
McDermot-Ellis method [6] modified by Wisniak and Tamir [7]. 
According to these references two experimental points N and h are 
considered thermodynamically consistent if the following condition is 
fulfilled: 

D < Dtn, ,  (4) 

The local deviation D is given by 

i= I 

T A B L E  I l l  Antoine Coellicients, Equation ( 3 )  
~~ 

C'(JfIl[JOlind A ,  B, C, 

methyl I ,  1 -dimethylethyl ether" 5.86078 1032.988 59.X76 
Iieptanc" 6.02023 1263.909 56.7 I8 
octane' 6.05 141 1354. I07 63.888 

"Retch [14]. hTRC' Table,. k-1490 [I21 
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where N is the number of components and the maximum deviation 
DlllilX is: 

The errors in the measurements .Y, P and T were as previously 
indicated. The first term in Equation (6) was the dominant one. For 
the experimental points reported here D never exceeded 0.153 while 
the smallest value of D ,,,., was 0.198. 

The activity coefficients for the ternary system were correlated using 
the following Redlich-Kister expansion [8]: 

The following relationships can be derived from Equation (7) 
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using only binary parameters. both for bubble point-pressure and dew 
point pressure calculations, a s  shown by the statistics a n d  paraiiieters 
given in Table V. In addition, Table V reports the predictions obtained 
Il.oiii the modified lJNlFAC model [ 101. concluding that the bii1;it-y 
data allow a good prediction o f  the ternary system. 

The boiling points o f  the systems were correlated by the equation 
proposed by Wisniak and Tamir [ I  I ] :  

I n  this equation I I  is the number ofcomponents ( 1 1  = 2 o r  3 ) .  T) '  is the 
boiling point ol' the purc component i and 111 is the number o f  tcrms in 
the series expansion ol'(.v/-.~,). ('1, are the binary constants where A, B. 
C. and D arc ternary constants. The l'ollowing equation. of the same 
structure, has been suggested by Tamir [ I21 for the direct correlation 
o f  ternary data, without use o f  binnry data: 

In Equation ( 1 1 )  coefficients ,4,,. B// .  and are no t  binnry 
constants, they are niultieomponen~ parameters determined directly 
l'rotii the data. Direct correlation 01' T(.\-) for ternary mixtures can be 
very etticient ;IS reflected by ;I lower '!,h avcrage deviation and t-oot 

iiieiin square deviation (rtiisd) and ;I smallcr number 01' parameters 
than those l'or Equation (10). Both equations iiiay recluirc siiiiilar 
number 01' constants for similar accuracy. bur the dii-ect correlation 
a l lo~vs  ;IS easier calculation o f  boiling iwthcrms (Figs. 1 atid 2 ) .  The 
various constants 01' Equations (10) and ( I I )  are reported in Table VI. 
which also contains inli)rmation indicating the degree 01' goodness ol' 
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HEPTANE 
(368.55 K 1 

OCTANE 
(395.95 K )  

FIGURE I 
94 kPa from 344 K to 366 K. every 12 K.  Coefficients f r o m  Equation ( I  I ) .  

lsothertnals for the ternary system M T B E  ( I ) +  heptane ( 2 ) +  octane (3) at 
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62 J .  W I S N I A K  c't d .  

T A B L E  VI Cocfticieiits in  correlation of boiling points. equation\ (10) and 
average deviation and root ineaii square deviations i n  teniperiittire, rinsd ( I ' K )  

A .  Eqnntion ( I O ) ( f i t  l'roin binary constnnts) 

(I  1 ). 

- 147.x I73 lO3.4212 0 6.60 2.20 0.30 

B I N A R Y  C O N S T A N T S  

M T R E  ( I )  + heptane (2)" -30.1335 12.7733 -7.46950 ~ 

MTHE (I)-i- octane (2)' - 6 m m  2 1 . ~ 5 4 2  - 1 3 . ~ 6 1  2x.4200 
heptanc ( 2 )  +octane (3)' -9.545x9 5.92320 

B.  Equation I I (direct fit) 

1 - 2  -31.116 1I.h'X 3.6329 
I 3  -70. I 55  34.462 - 3.061 I I .80 0.40 0.06 
2 3  -1O.XI4 X.66X -11.4567 

the correlation. I t  is clear that for the ternary system in question a 
direct l i t  o f  the data gives a much better fit.  
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