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ABSTRACT 

Tie-hne data of (acetomtnle-2-propanol)-(cyclohexane or n-hexane or n-heptane) and of 
(acetomtnle-uobutanol)-(cyclohexane or n-hexane or n-heptane) at 25 o C are presented The 
expenmental data for the ternary systems compare well mth the values predicted by the 
extended UNIQUAC and UNIQUAC associated-solution models wth binary parameters 

alone 
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XI hqurd-phase mole fraction of component I 

YI vapour-phase mole fractron of component I 
Z coordmatron number equal to 10 

Greek letters 

hqmd phases 
hqmd-phase actrvrty coeffrcrent of component 1 
area fraction of component I 

exp( - a,.JT) 
segment fraction of component I 
segment fraction of acetomtrrle monomer m alcohol rmxture 
segment fraction of alcohol monomer m alcohol mrxture 
segment fraction of alcohol monomer m pure alcohol solutron 
segment fraction of saturated hydrocarbon monomer m alcohol 
mixture 

vapour-phase fugacrty coefficient of component I at system pres- 
sure P and system temperature T 
vapour-phase fugacrty coeffrcrent of pure component I at Its 
saturated pressure PI” and system temperature T 

INTRODUCTION 

Expenmental tie-line data for the ternary systems of (acetomtrrle- 
saturated hydrocarbon)-(methanol or ethanol or I-propanol or 1-butanol) 
have already been reported from thts laboratory [1,2] Thrs paper presents 
measured tie-hne results for three acetomtrrie-2-propanol-saturated hydro- 
carbon systems and three acetomtnle-rsobutanol-saturated hydrocarbon 
systems at 25°C The data observed have been used to test the predrctrve 
ability of the extended UNIQUAC [3] and UNIQUAC associated-solutron 
models [4] The binary parameters of both models can be obtained from 
phase eqmhbnum data The vapour-hqmd equihbnum data of eight compo- 
nent binary systems constrtutmg the present ternary systems have been 
reported m the literature for 2-propanol-acetonitrile at 50°C [5], for 
2-propanol-cyclohexane at 50 o C [6], for 2-propanol-n-hexane at 55 06 ’ C 
[7], for 2-propanol-n-heptane at 30°C [8], for rsobutanol-acetomtrrle at 
60 O C [9], for rsobutanol-cyclohexane at 25 O C [8], for rsobutanol-n-hexane 
at 59 38” C [lo], for rsobutanol-n-heptane at 60 O C [ll] Mutual solubrhties 
for acetomtnle-(cyclohexane or n-hexane or n-heptane) have been measured 
at 25 O C [1,12] 
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EXPERIMENTAL 

All chermcals (Wako Pure Chenucal Industries Ltd , guaranteed reagent 
grade) were used directly for expenmental work Densities and refractive 
indices of the chermcals were measured with an Anton Paar denslmeter 
(DMA40) and a Shmadzu Pulfnch refractometer at 25” C and are com- 
pared with hterature values m Table 1 

All tie-line measurements were carned out m a glass cell equipped with a 
magnetic stirrer and thermostatted to wlthm +O 01” C In each run a 
two-phase mucture was stirred vigorously for 2 h and then left to settle for 2 
h m order to ensure the phase separation of the rmxture m equlhbnum 
Samples of the two liquid phases were withdrawn with Harmlton syrmges 
The composltlons of the conlugate phases were analyzed using a Shlmadzu 
gas chro-matograph (GC-8C) 
(C-ElB) and the experimental 
surements was withm +O 002 

connected wth a Shlmadzu Chromatopac 
error m the liquid-phase mole fraction mea- 

RESULTS AND DISCUSSION 

Tables 2 and 3 gve observed liquid-liquid equlhbrmm data for the 
ternary systems acetomtrde-2-propanol-saturated hydrocarbon and 
acetomtrde-lsobutanol-saturated hydrocarbon, respectively These expen- 
mental results are compared with those calculated from two solution mod- 
els extended UNIQUAC, and UNIQUAC associated-solution 

Extended UNIQ UAC model 

The activity coefflclent of any component I m the ternary mixture 1s 
expressed by 

lny,=ln$+l-$- 
( 
5 qr ln:+l-: 

) i I 
*) -4; ln&%%) 

K 

where Z IS the coordmatlon number taken as 10 and the segment fraction 
al, the surface fraction 6, and the adjustable parameter T[J related to an 
energy parameter a, are gven by 

@P, = r1x1/c ‘JxJ (2) 
J 

eI = qIxI/c qJxJ (3) 
J 

‘IJ = exd-aIJ/T) (4 
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TABLE 1 

Densltles and refractwe indices of compounds at 25 ’ C 

Compound 

Acetomtnle 
Cyclohexane 
n-Hexane 
n-Heptane 
Isobutanol 
2-Propanol 

Density (g cme3) Refractive index 

Exptl Lit [13] Exptl Lit [13] 

0 7766 0 7766 1 34161 1 34163 
0 7738 0 77389 142324 142354 
0 6550 0 65481 137242 1 37226 
0 6794 0 67951 138487 1 38511 
0 7979 0 7978 1 39394 1 3939 
0 7812 0 7813 137541 1 3752 

TABLE 2 

Tie-line data for acetomtnle-2-propanol-saturated hydrocarbon at 25 ’ C 

Phase I 

Xl x2 x3 

Phase II 

Xl x2 x3 

Acetonltnle (1) - 2-propanol(2)- cyclohexane (3) 
0 9399 0 0 0601 0 0440 
0 8375 0 0669 0 0956 0 0542 
0 7889 0 1008 0 1103 0 0650 
0 7304 0 1373 0 1323 0 0776 
0 6818 0 1653 0 1529 0 0855 
0 6273 0 1954 0 1773 0 1050 
0 5305 0 2314 0 2381 0 1485 
0 4797 0 2405 0 2798 0 1853 
0 3914 0 2366 0 3720 0 2522 
Acetonrtnle (I) - 2-propanol(2) - n-hexane (3) 
0 9433 0 0 0567 0 0584 
0 8542 0 0696 0 0762 0 0788 
0 7706 0 1323 0 0971 0 0978 
0 6751 0 1851 0 1398 0 1300 
0 6278 0 2129 0 1593 0 1533 
0 5691 0 2336 0 1973 0 1884 
0 5059 0 2499 0 2442 0 2340 
0 4484 0 2439 0 3077 0 2927 
Acetonltrlie (1) - 2-propanol(2) - n-heptane (3) 
0 9622 0 0 0378 0 0621 
0 8880 0 0643 0 0477 0 0755 
0 8076 0 1291 0 0633 0 0874 
0 7614 0 1644 0 0742 0 0931 
0 7080 0 2009 0 0911 0 1141 
0 6734 0 2241 0 1025 0 1215 
0 6287 0 2476 0 1237 0 1453 
0 5563 0 2816 0 1621 0 1811 
0 4721 0 3004 0 2275 0 2459 

0 

0 0142 
0 0258 
0 Q443 
0 0629 
0 Q888 
0 1370 
0 639 

i 0 979 

01 
0 0181 
0 0482 
o 0943 
0 1235 
0 1554 
0 1905 
0 2117 

0 9560 = 
0 9316 
0 9092 
0 8781 
0 8516 
0 8062 
0 7145 
0 6508 
0 5499 

0 9416 b 
0 9031 
0 8540 
0 7757 
0 7232 
0 6562 
0 5755 
0 4956 

0 0 9379 b 
0 0157 0 9088 
0 0429 0 8697 
0 0643 0 8426 
0 0951 0 7908 
0 1162 0 7623 
0 1455 0 7092 
0 1921 0 6268 
0 p433 0 5108 

a Taken from ref 12 b Taken from ref 1 
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TABLE 3 

Tie-line data for acetomtnle-lsobutanol-saturated hydrocarbon at 25 ’ C 

Phase I Phase II 

x1 x2 X3 Xl x2 x3 

Acetonrtrlle (I) - lsobutanoI(2) - cyclohexane (3) 
0 9399 0 0 0601 0 0440 0 
0 8145 0 0737 0 1118 0 0602 0 0239 
0 7621 0 1081 0 1298 0 0741 0 0405 
0 7164 0 1281 0 1555 0 0936 0 0601 
0 6632 0 1428 0 1940 0 1385 0 0872 
0 6150 0 1649 0 2201 0 1620 0 1114 
0 5436 0 1790 0 2774 0 1936 0 1283 
0 5104 0 1844 0 3052 0 2316 0 1446 

Acetonrtrlle (I)- zsobutanol(2) - n-hexane (3) 
0 9433 0 0 0567 0 0584 
0 8364 0 0757 0 0879 0 0797 
0 7669 0 1160 0 1171 0 1013 
0 6901 0 1491 0 1608 0 1558 
0 6532 0 1635 0 1833 0 1887 
0 5878 0 1860 0 2262 0 2139 
0 5354 0 1859 0 2787 0 2838 

Acetonltrlle (I) - uobutanoI (2) - n-heptane (3) 
0 9622 0 0378 0 0621 
0 8171 0 1092 

1 

0737 0 0834 
0 7501 0 1618 0881 0 1098 
0 7041 0 1815 1144 0 1282 
0 6589 0 2022 1389 0 1495 
0 5736 0 2258 2006 0 2554 
0 4992 0 2268 0 2740 0 3453 

0 9560 a 
0 9159 
0 8854 
0 8463 
0 7743 
0 7266 
0 6781 
0 6238 

0 0 9416 b 
0 0279 0 8924 
0 0562 0 8425 
0 0888 0 7554 
0 1194 0 6919 
0 1408 0 6453 
0 1584 0 5578 

0 0 9379 b 
0 0440 0 8726 
0 0900 0 8002 
0 1168 0 7550 
0 1467 0 7038 
0 1913 0 5533 
0 2170 0 4377 

a Taken from ref 12 b Taken from ref 1 

The pure component molecular constants Y, q and q’ depend on the 
molecular volume and the external surface area 

UNIQ UA C assoaated-so/ 
r 

tzon model 

Thus model assumes tpt m the ternary nuxture contammg acetomtnle 
(A), the alcohol (B) a d 

1 

the saturated hydrocarbon (C) two types of 
chermcal complexes exls i as B, (B,_ 1 + B, + B,) and B, A (B, + A, + B, A) 
Then the activity coefflclents of acetomtrlle and the alcohol are given by 

+qA 1-1n(F8J?JA) - F $iKJ 
K 1 

(5) 
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% 
In yB=lnp 

@kiixB 

1 
L K _I 

and that of the saturated hydrocarbon 1s given 
m eqn (5) with C 

(6) 

by changmg the subscript A 

The monomer segment fractions of the components are simultaneously 
solved from the followmg mass balance equations 

'A= 'A1 

rAKBAQB 

1 + (1 _KBQB;) 
I 

OB= 
% 

(I - KB@B,) 

2 (l+rBK~~Q~,) _ 

Qc = %, 

Then the true molar volume of the ternary rmxture 1s gven by 

1 KBA~A@B, 1 % a -_= 
V (I - KBQB,) + rB(l -K#B,) + 2 

(7) 

(8) 

(9) 

@z and Vz at pure alcohol state are denved 
respectively 

<p* = 2K, + 1 - (I+ 4KB)05 
Bl 2K; 

1 (I- KB@;) 
-= 

VJY YB 

from eqns (8) and (10) 

01) 

(12) 

The values of r and q used m the model were calculated by the method of 
Vera et al [14] These values differ from those for the extended UNIQUAC 
model Table 4 gives the values of the structural constants for both models 

The assoclatlon constant of the alcohol, the enthalpy of hydrogen bond, 
the solvatlon constant between the alcohol and acetomtrlle and the enthalpy 
of solvatlon are as follows K, at 50 o C 1s 49 1 for 2-propanol and 50 6 for 
lsobutanol[15], a value of h, of - 23 2 kJ mol-’ 1s used for the alcohol [16], 
whch 1s the same as given m a previous paper [2], K,A at 50 o C 1s 23 for 
2-propanol-acetonitrile [2] and 30 for lsobutanol-acetomtrlle [9], hBA is 
- 17 kJ mol-’ for these alcohol-acetomtnle mixtures [2,9] These values of 
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TABLE 4 

Pure component structural parameters for two models 

Component 

Acetomtnle 
Cyclohexane 

n-Hexane 
n-Heptane 
Isobutanol 
2-Propanol 

Extended UNIQUAC 
model 

r 4 

187 172 
3 97 3 01 

4 50 3 86 
5 17 440 
3 45 3 05 
2 78 2 51 

4’ 

4 02 

4 02 

4 02 

02 

Fi88 
0 89 

UNIQUAC assoaated- 
solution model 

r 4 

1 50 140 
3 18 2 55 

3 61 3 09 
4 15 3 52 
2 77 2 42 
2 23 198 

h, and h,, were assumed to be temperature-mdependent and fix the 
temperature dependence of the equlhbnum constants accordmg to 

i3lnK, h, a In KBA h,, -- 
a(i/z-) = R 

-- 
a(ip) = R (13) 

TABLE 5 

Binary parameters and root-mean-square devlatlons 

System Temp No of Model” Root-mean-square Parameters 
(“C) data devlatlons (K) 

points SP 6T 6x Sy aAB (IBA 

(torr) (K) (~10~) (~10~) 

2-Propanol (A)- 50 12 I 082 002 05 33 356 68 70 27 

acetomtnle (B) II 053 001 05 37 538 50 8411 

2-Propanol (A)- 50 9 I 127 004 06 56 123 14 869 10 
cyclohexane (B) II 110 004 04 38 155 98 -8476 

2-Propanol (A)- 55 06 24 I 0 94 000 04 22 155 14 888 33 

n-hexane (B) II 108 000 04 14 175 93 -97 83 
2-Propanol (A)- 30 11 I 080 000 03 162 55 1098 10 

n-heptane (B) II 044 000 0 3 135 54 -7681 

Isobutanol (A)- 60 14 I 121 000 06 34 420 34 8 40 

acetomtnle (B) II 202 000 15 53 638 85 104 83 

Isobutanol (A)- 25 10 I 4 02 0 00 0 9 11 5 92 98 648 96 
cyclohexane (B) II 423 000 0 5 112 300 82 - 181 15 

Isobutanol (A)- 59 38 21 I 147 000 05 15 139 19 830 82 
n-hexane(B) II 2 60 000 09 23 216 42 - 127 32 

Isobutanol (A)- 60 16 I 0 68 000 03 80 137 30 854 66 
n-heptane (B) II 0 84 000 0 3 71 231 10 -139 37 

Acetomtrlle (A)- 25 MSb I 432 81 948 66 

cyclohexane (B) II 142 38 689 58 
Acetomtrlle (A)- 25 MS I 414 68 983 15 

n-hexane (B) II 100 74 692 54 

Acetomtrlle (A)- 25 MS I 439 86 990 57 
n-heptane (B) II 99 25 692 34 

aI, extended UNIQUAC model, II, UNIQUAC assoaated-solution model bMS, mutual 
solublhtles 
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The thermodynamx relations used to reduce the vapour-hquld equl- 
hbnum data of the e&t bmary systems are 

&GI = ~FWW; expIW - P,“)/RT] 04) 

In +K = ( y%J - 5: $YMIJ) j& 05) 

where P IS the total pressure, y 1s the vapour-phase mole fraction, cp IS the 
vapour-phase fugaclty coefficient, uL 1s the pure hquld molar volume 
calculated from the Rackett equation as modified by Spencer and Danner 
[17], P” IS the pure component vapour pressure taken from ongmal refer- 

P-PROPANOL 
0 6/h 

02 04 06 08 

ACETCNITRILE MOLE FRACTION CYCLOHEXANE 

PWW’ANOL 
04 

02 04 06 06 

ACETONITRILE MOLE FRACTION n-HEXANE 

2-PfiOPANOL 

02 04 06 06 

ACETONITRILE MOLE FRACTION n-HEPTANE 

Fig 1 Exper~mentd tie-lmes and bmodal curves predIcted from the extended UNIQUAC 
and UNIQUAC associated-solution models at 2.5 ’ C (A acetomtnle-2-propanol-cyclohex- 
ane, B, acetomtnle-2-propanol-n-hexane, C, acetonltnle-2-propdnol-n-heplane) Expen- 
mental, 0 Calculated - , extended UNIQUAC model, - - -, UNIQLJAC assoaated- 

solutron model 
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ences of vapour-hqmd equlhbnum data or calculated from the Antome 
equation [13], BIJ IS the second vlrlal coefflaent estimated by using the 
general correlation of Hayden and O’Connell [X3] and R 1s the universal gas 
constant 

The computer program used to obtain the optimum parameters of the 
models was slrmlar to that developed by Prausmtz et al. [19], based on the 
maximum-hkehhood prmclple The standard deviations for the measured 
vanables used m data reduction were 1 torr for pressure, 0 05 K for 
temperature, 0 001 for liquid-phase mole fraction and 0 003 for vapour-phase 
mole fraction 

ISOBUTANOL 
0 6.p A n 204 

02 04 06 06 

ACETONITRILE MOLE FRACTON CKLOHEXANE 

ISOEUTANOL 
06 I\ A 04 

02 04 06 06 

ACETONITRILE MOLE FRACTION n-HEXANE 

ISOBUTANOL 

02 04 06 06 

ACETONITRILE MOLE FRACTION n-HEPTANE 

Fig 2 Expenmental tie-lmes and bmodal curves predicted from the extended UNIQUAC 
and UNIQUAC associated-solution models at 25 o C (A, acetomtnle-lsobutanol-cyclohex- 
ane, B, acetomtnle-lsobutanol-n-hexane, C, acetomtnle-lsobutanol-n-heptane) Expen- 
mental, 0 Calculated -, extended UNIQUAC model, - - -, UNIQUAC assoclated- 
solution model 
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Mutual solublhty data provide the binary parameters of the models for a 
partially rmsclble system by solvmg eqn (16) based on the lsoactlvlty 
crltenon for each component 

(16) 
where the superscripts (Y and p represent two equlhbrmm liquid phases 

Table 5 shows the resulting parameters of the extended UNIQUAC and 
UNIQUAC associated-solution models and the root-mean-square deviations 
between expenmental and calculated results for the eight completely nuscl- 
ble and three partially rmsclble binary systems These parameters were used 
to calculate the ternary hquld-liquid equlhbna of the six systems Figures 1 
and 2 compare the expenmental results with the calculated values The 
calculated results derived from the two models do not differ slgmflcantly 
from each other and the UNIQUAC associated-solution model gives slightly 
better results than the extended UNIQUAC model for the five systems 
except for the acetomtnle-lsobutanol-n-heptane system 

REFERENCES 

8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 
19 

I Nagata, Thermochlm Acta, 114 (1987) 227 
I Nagata, Thermoclum Acta, 119 (1987) 357 
I Nagata, Thermochlm Acta, 56 (1982) 43 
I Nagata, Flmd Phase Eqmhbna, 19 (1985) 153 
I Nagata and K Katoh, Thermochlm Acta, 39 (1980) 45 
I Nagata, T Ohta and Y Uchlyama, J Chem Eng Data, 18 (1973) 54 
J Gmehhng, U Onken and U Weldhch, Vapor-Liquid Eqmhbnum Data Collection, 
Vol I, Part 2d, DECHEMA, Frankfurt am Mam, 1982, pp 79, 368 
H C Van Ness and M M Abbott, Int Data Ser , Ser A, (1977) 7 
I Nagata, Thermochlm Acta, 126 (1988) 107 
C Berro, M Rogalslu and A Peneloux, J Chem Eng Data, 27 (1982) 352 
C Berro and A Peneloux. J Chem Eng Data, 29 (1984) 206 

I Nagata and T Ohta, J Chem Eng Data, 28 (1983) 256 
J A &ddlck and W B Bunger, Organic Solvents, 3rd edn , Wiley-Interscience, New York. 
1970, pp 77, 78, 86, 149, 154, 399 
J H Vera, S G Sayegh and G A Ratchff, Fluid Phase Equlhbna, 1 (1977) 113 
V Brandam, Fluid Phase Equlhbna, 12 (1983) 87 
R H Stokes and C Burfltt, J Chem Thermodyn , 5 (1973) 623 
C F Spencer and R P Danner, J Chem Eng Data, 17 (1972) 236 
J G Hayden and J P O’Connell, Ind Eng Chem Process Des Dev , 14 (1975) 209 
J M Prausmtz, T F Anderson, E A Grens, C A Eckert, R Hsleh and J P O’Connell, 
Computer Calculations for Multlcomponent Vapor-Liquid and Llqmd-Liquid Eqm- 
hbna, Prentice-Hall, Englewood Cliffs, NJ, 1984, Chapters 3, 4, 6 and Appendices C, D 


