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ABSTRACT

The isobaric separation of multicomponent mixtures by distillation require reliable vapor-liquid
equilibrium data. Since the experimental determination of multicomponent vapor-liquid equilibrium data
is laborious and time consuming there is a need to use a predictive method for the liquid phase activity
coefficients. The estimated vapor-phase compositions are dependent on the predictive thermodynamic
method used. The ternary vapor-liquid equilibrium data for the system, heptane/ methylcyclohexane/
toluene at 101.325 kPa have been chosen to compare the abilities of the three-suffix Margules and the
UNIQUAC Equations in the prediction of isobaric ternary vapor-liquid equilibria with parameters
estimated from the corresponding binary vapor-liquid equilibria compositions taken from the literature.
The predictions with the three-suffix Margules equations was found to be little superior with overall root
mean square deviations of +0.0047 whereas the UNIQUAC equations could predict the ternary vapor
compositions with overall root mean square deviations of + 0.0061.

INTRODUCTION

The separation of multicomponent mixtures by distillation requires knowledge
of vapor-liquid equilibrium data (VLE data) of the system under consideration. For
binary systems experimental VLE data are generally available and reliable, but the
same is not true for most multicomponent systems. There is then the choice of
performing experimental determination of VLE data or estimating the data with one
of the theoretical prediction relationships. Obtaining good experimental binary,
specially multicomponent VLE data require appreciable experimental skill,
experience and patience. It is therefore an economic necessity to consider techniques
for calculating phase equilibria for multicomponent systems from few experimental
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data. With the speedy development of computers, there is more concern for
thermodynamic relation to predict multicomponent VLE data from corresponding
binary properties and pure component data, because generally binary properties are
more readily available.

The aim of the present study is to see which of the two well known methods;
the three suffix Margules equation (with binary parameters estimated from VLE
data) (Wohl, 1953) or UNIQUAC equation (with pure-component molecular-
structure constants and binary parameters) (Abrams, Prausnitz, 1975) is more
practical in estimating multicomponent vapor phase mole fraction values. For this
purpose the ternary system heptane/methylcyclohexane/toluene has been chosen to
represent the multicomponent system. Although extensive information is available
on the VLE data of the three binaries comprising the ternary system, there are only
three data reported for the ternary system; the first one by Bromiley and Quiggle
(1933) without giving the boiling points of the ternary mixtures, the second one by
Wisniak and Tamir (1977) and the third one by Ozalp and Ediz (1992). The vapor-
liquid equilibrium data of Ozalp and Ediz for the ternary system
heptane(1)/methylcyclohexane(2)/toluene(3) at 101.325 kPa have been used here. In
Ozalp and Ediz's experimental work, 60 determinations spanning the whole space of
ternary compositions specially covering the extreme ends of the corners of the
ternary composition chart were carried out. Although the apparatus and the
procedure had been described by Ozalp and Ediz (1992), the summary of their
technique has also been given here.

Experimental Method

Purity of Materials. All chemical products were Merck chromatographic
grade, and were used as supplied without further purification. The densities at 20 °C,
refractive indices at 20 °C and boiling points at 101.325 kPa of the pure components
of the ternary system were measured and agreed with the published values in
Beilstein's Handbook. The properties of the pure components appear in Table 1.

Table 1. Physical Properties of Pure Materials

(Lit values from Beilstein's Handbook)

Densities, gr/ml Refractive Index Boiling Point

Compound at20°C at 20 °C at 101.325 kPa
Lit. Value Expt. | Lit. Value Expt. |Lit. Value  Expt.
heptane 0.68376 0.6834 | 1.38777  1.38781 98.42 98.39
methylcyclohexane| 0.76940 0.7692 | 1.42310 142350 | 101.00 100.96
toluene 0.86690 0.8671 | 1.49610  1.49510 | 110.62 110.64
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Apparatus and Procedure. The ternary vapor-liquid equilibrium
determinations were carried out in an all glass Ellis Still as described by Ellis
(1952). The experimental technique outlined by Ellis was also followed. The
pressure in the distillation unit was maintained at 101.325+0.067 kPa by bleeding
nitrogen into the system: the temperature control was achieved by a 5 mm diameter
Pt-100 temperature sensor with an accuracy of £0.1 °C. Equilibrium was achieved
usually within 40 minutes. When equilibrium was achieved, still liquid and distillate
samples were taken by syringing simultaneously. Ternary samples of both the liquid
and vapor phases were analyzed by means of gas liquid chromatography on a Pye
Unicam series 104 apparatus provided with flame ionization detector. The column
was 5.5 m long and 4 mm in diameter glass packed with 10% Squalane on 100-120
mesh Diatomite C operated at 70 °C. Injector and detector temperatures were 150
°C. Calibration analyses were carried out to convert the peak area ratio to the weight
composition of the samples. Reproducibility of results were in the order of +0.1
mole percent.

Vapor-Liquid Equilibrium Results

The temperature T and liquid phase x;, and vapor phase y; mole fraction
measurements at 101.325 kPa pressure are reported in Table 2 together with activity
coefficients v, that were calculated from the equality of fugacities in all phases for
each component of a multicomponent system by considering the vapor phase
nonideality.

¢iP}Ii = 'YiPi‘)Xiq)?exp[ViL (P ‘—Piu )RT]

For a ternary system (i=1,2,3), fugacities for components in a gaseous mixture, P; is
given by the virial equation of state truncated after the second term (O Connell,
Prausnitz, 1967)

n®, =(2Yy B, -B,, )PRT

where subscript M stands for mixture and for a mixture of m components, the
second virial coefficient is given as (Mason, Spurling, 1969)

2.v.yB,

j=1

B, =

M



A STUDY ON TERNARY VAPOR-LIQUID EQUILIBRIA

52

98YITT  6L6660
°E861°T  L9000']
9¢SITT 686660
ILEITT  $6666°0
TL8LT'T 952001
SLISI'L 122001
906811  0S100°1
¥8SSI'T 9190071
SOTST'T  £€6900°1
et 8eelod
9GIEl'l  ¥ITIOT
PL680'T  620£0'1
08¥01'f  0£TTO'I
€O1LO'T  THEPO'T
69CLO'T  LOTPO'T
YLOSO'T  L9890°1
162€0°1  02060°1
188101 €LTTL'L
A 2
JUIBIJA0)

Aapoy pare)

£es10'l
L9810°1
68v10°1
86¥10°1
8010’1
60£20'1
089¢0°1
670l
L82€0’]
TIyr0'1
16ev0'1
PSELO'T
02I190°'1
062601
601601
10121°1
609511
LyLel'l
P

0€LT' T #E00°1
LEITT $100°1
LETTT $200'T
$9TT'T §900°1
I8LT'T 08001
0L0T'T 8t00'I
SITTT 8L00'!
I8L1'1 LTIO'
8L0T'T TLIOT
I6L1'1 TEl0']
PSLU'T 8E10'L
LZIT'T 6pe0']
19€1'T  L8TO'T
SIOT'T 8S¥O'1
9980'1 LSYO']
LTLO'T SELO'T
S8Y0'T 9L60°1
66v0'1T 6801°1
A 3
FLiETali1E )

£y 'psqO

1L10°]
LECO'T
[444\R1
6C10°1
60£0°1
$870'1
£8¢0'1
SSYO'l
see0'l
69%0°'1
£2e0’l
0CLO']
08¢0l
P80l
°L6e0’'1
yS60'T
87011
8LSO'T
A

L6900 SYOLO
8¥60°0 $6£L°0
$090°0 09LL0
£090°0 8¥6L°0
12€1°0 00€L°0
LYo 8SYLO
1SO1°0 TS8L'O
9LLT'O $OILO
1€81°0 OITLO
12€2°0 ¥6L9°0
[0£T°0 62690
86£L°0 £665°0
9967°0 0I¥9°0
L96£°0 LOSSO
676£°0 1£95°0
T0LY'0 SS8Y0
9psS’0 CCIYO
7890 162€°0
£ L2

duro)
todep ‘pojed

961C0
[4319¢
8¥91°0
err1'0
Itel’o
£SCIo
w010
L2010
0¥80°0
8LLOO
8L90°0
11500
11500
y0v0'0
89¢0°0
L0€00
1€20°0
65100
£

€LO0  LOLO
9600  OvLO
9500 8LLO
950'0 0080
e veELo
LZ10  LPLO
8010 L8LO
I81'0  ST1LO
7610 vTLO
w0 0890
6£C°0 1690
LYE'0  T090
S0€'0  S¥90
80v'0 TSSO
86£'0 950
08%¥'0 06v'0
£96°0  SIvO0
1990 STe0
£ L2
KiliilieY
zodep "psqQ

0ZC0
Y910
9910
170
PE10
9t1'o
SO1°0
y01°0
¥80°0
8L0°0
L9500
1S0°0
0500
0r0°0
L£00
0€0'0
700
100
i£

LILO
L0
I8L°0
0080
0£L0
SvL0
L3L0
SOL0
SILO
990
9L9°0
950
290
050
YIS0
8¢Y'0
Sre0
192°0

X

90T0
1S1°0
£ST°0
PETO
o
SIT0
9600
£60°0
9L0°0
690°0
0900
€700
P00
£€0°0
0£0°0
¥20°0
L10°0
1100

Ix
~dwo)
pubry

yoELE
L'eLE
SOELE
OL'eLe
66'¢LE
86'¢€LE
L6'ELE
IevLe
IVyLE
wLyLe
SLYLE
£9°CLE
6T°SLE
0T9LE
91I'9LE
L6'9LE
68°LLE
96'8LE
p. |
)
L

SyeLe
Y8ELE
98'¢LE
SR'ELE
00'vLE
00'PLE
So'ELE
STyLE
SI'yLe
0SvLE
LSYLE
or'SLE
10°6LE
S8'CLE
66'SLE
SC9LE
09°LLE
S68LE
b: {
-dxsy
L

o © = & et O~ ®©
= Z - d R A s S s

— NN T N O~ 0

°
Z

uny

suonenby sandrepy xyyng-2ary L, pue fejuswuadxyg £q
edY STE' 10T IV (£)ausnjoy/(g)suexayookokyemy( 1 )auriday 104 vie] unuqyinbg pinbri-rodea Areur), g siqel




53

A STUDY ON TERNARY VAPOR-LIQUID EQUILIBRIA

€80VC'T  €LSTIOT  T€E00'1 [¥981°1T TIYO'T 88001 | 89800 +vZOT'0 9L08°0( £800 SOI'0 TISO | LOI'O S6L0 | TLTLE | €0TLE | TF
€TETTT  ITTO0'T  LTOTOT [9£01'T SYIOT 611071 | SS8O0 I86€0 16I1S0| LLOO £0V0 0TSO | OI¥0 S6¥0 | TOELE | L6TLE | “1b
ECYPCTT  €0T00'T  6V010°T | #OTI'T #TIOT O€10'1|€980°0 890¥'0 880S0| 6,00 110 OISO | 61¥0 S8Y0 | SOELE | L6TLE | OF
9T1I0TT  vIT00'T  LL9TO'L | L660'T 9LTO'T 06101 | 8STI'0 SSTS'0 TTIEO| 9010 1ES0 €9€0 | €€5°0 8EEL0 | ¥HELE | SSELE | 6F
060LT'T  8LSOO'T  €8TTO'1 | TSTI'T 6L00°'T TSTO'T | TE81'0 101¥'0 OCZIVO| 9410 TI¥0 €I¥0 | TIVO 080 | 89€LE | SLELE | 8¢
00CET'T  06VIO'T  06LEO'T | €601'T 89101 +OVO'I [ €S9T°0 £09€'0 T18LEO| 09T0 19€0 6LEQ | ¥SEO 6£€0 | 61'vit | STHLE | LE
CIEIT'T  C8ITO'F  €V8YO'T {9180'T S8TOT 9ISO'T [ 860£0 89¢E'0 68SE0| 10£0 6£€0 09€0 | STEO SICO | OSVLE | L9VLE | 9¢
LETOO'T  8TYSO'T  8ES60'T | 0990°T +090'L [L60'T | SLPY'O ¥SLTO 9ELTO| 6¥Y'0 LLTO ¥LTO | 0STO €TTO | 6L'SLE | 08°SLE | SE
TEBTO'T  TETOT'T  868ST'T | €SHO'T THIT'T 6CSTN | €88S°0 6T61°0 180T0| 8650 S61°0 LOTO | 1910 ¥S1'0 | 6VLLE | TELLE | ¥E
80020'T  PLITI'L €6V8T°T {08TO'T 68TI'T ¥8LI'T|0€¥90 6VL1°0 OLLIO| 890 9LI'0 9LI'Q | OVI'0 STI'O | TTSLE | ST8LE | €€
€TEI0T  PIEVT'T  S6EIT'T § 6STO'T vOVI'T ¥6LI'T|TL690 STII'0 8PEI'0| 90L'0 €910 I€10 | STI'0O 1600 | 90°6LE | LO6LE | TE
€€L00°T  TOLLT'T TELVTT (89101 I9IT'T O9LITT|L89L0 98600 TECLI'0| 9LL°0 600 OLI0 | TLOO S80°0 [ 866LE | LI0BE £
L8EOO'T  TSPOI'T  €ELLT'T [ OLOO'T T6TI'T OTHT'T| 8780 88900 OLOT'O| 1€8°0 900 +OI0 | 8#00 €900 | L808E | ST'I8E | O¢
12200°1  6201T'T  8¥86T'T | TOO0'T LITI'T ILST'1|S9980 #0900 +9L0°0| 0L80 9S00 ¥#LOO | I¥O0 SKOO | €SI8E | SL'ISE | 6T
C069C'T  OL1TO'L  €8000°L | L8SY'T LIBO'T €S00'T [ ¥¥P0'0 OISO0 TI680[ ISO0 +SO0 S680 | ¥SO0 9680 | 16'1LE | SE1Le | 8T
10I¥CT  ¥6S10°T  LTEOO'T | LS8T'T TOVO'T TBOO'T | 6980°0 96600 OTIS0| €800 TOI'0 SIS0 | ¥OI'0 86L0 | 1€CLE | SOTLE | LT
CTIO8I'L  €OLIO'T LLTIOT |TEOT'T STSO'T 0S10°T | 6V81°0 ¥EO0I'0 €61L0| TLI'O LOTO ITLO | SOI'0 €890 | L6TLE | 10°€LE | 9T
0L691°'T  ¥20T0°T  VILIO'T | 69%1°1 LTSO'T 89TO'T | TSITO 1800 +869°0| 11T0 #8000 SOLO | €800 S99°0 | €U'ELE | SLTLE | ST
CCLIT'T  LOVTO'T  OOEPO'T FOCEO'T +6T0'T 9Ev0'1 | 8SIE0 89ZTO L6LY'O| T6TO 8TTO 08¥'0 | LITO OTVO | 6TFLE | €6'%LE | HC
L6TYT'T  $8666'0 0SOIO'T [ €¥6T'T LOOO'T STIOT|SLEO'D SOLS'O T68EO| 6£0°0 1LS0 06£0 | 8850 1LEO | 60°€ELE | OOELE | €T
8S6£T'T 996660 SITIOT [9I€TT 6TO0'T I0I0'T | €0PO'0 16650 ¥6SL0| OVO'0 1090 6SE0 | S190  I¥E0 | 9I'ELE | ST'ELE | TT
6v8CT1  £5666'0 88TIOT [8061'T 68660 TIOT|LSSO0 +vZE90 PZICO| PSOO TEQ0 VIEOQ | SP90 +6T0 | 1€ELE | 6€€LE |14
LO9TTT  1S666'0 IVEIOT | LOTI'T TYOO'T ¥8TO'T | LPSO'O 6C.90 00LTO| 0SO0 9L90 ¥LTO [ 9890 ¥STO | 6c€Le | oF'eLe | oz
98L0T'T  80000°T  1L9I0°T [SO8TT 16660 OTZO'T|0€80'0 LL6GO TPITO| 880°C L690 SITO | 8OL'0 00TO | 09°ELE | SSELE | 61




U. OZALP and B. EDIZ

A. A. OZALP,

LY000="V 1800°0 =ty 1£00°0 =%y 0£00°0 ="y LOT0=1V
LLLSO'T  $09SO'T  €8L01°1 | LELO'T 98SO'L €TOI'T|T0SH'0 61%7'0 SO010| LSFO €PPO 0010 | S6£0 0800 | 6£9LE | 0£'9LE | 09
6LITI'T  LLSTO'T  TL8YO'T | #880°1 T6TO'1 1SSO'T) 68920 POLSO 0091°0| 190 8LSO 1910 | 1SS0 OvI'0 | 99vLE | z8¥pLE | 6
SSHPI'T  ¥L800'T  899€0°T | 6I¥I'T 1TTOT 6T¥O1|STITO 0LO9O OTLIO| TITO SIS0 €410 | 1090 SSTO | 6TvLE | Srvie | 8§
OLSIT'L  SY6TOT  TITHO'T [0SOT'T T0E0'T 88%0°T| T1TE0 6LZ1°0 SOSS'O| 81€0 8TI'0 #SSO | STro  sevo | Livie | Le€Ls | LS
6¥980°1  €0TYO'T  TLYOO'T | ¥LOO'T S8TO'T L6901|6T6€0 6£P1°0 869Y°0| 98€°0 THI'0 TLYO | SE10  TOVO | 98viE | Zo'sLE | 95
6SILI'T 96€00°F  TISTOT | 60ST°T S900'T 96T0°1|0891°0 9£vS'0 L88TO| S9I'0  SpSO 0620 | s¥S0  $970 | 08'€Le | L8€Le | s§
SLOTTT 0T900'T  OVR00°T | 861 T IEI0T SOIOT| ISOT'0 TILTO L9T90| 6600 €LT0 8790 | 08T0 2090 | 68TLE | SLzLe | v
TEELO'T  TLIVO'L  TO680°'T |180°'T +9¥0°'1 +601°1|0S6€0 LTISO ¥S80°0| 8650 SISO L80°0 | OLFO 0LOO | ¥6'SLE | sgsLe | €5
068911 €6070°T  TELIO'T | 69TI'T ¥8FO'T 0STO'1| 68170 OVLOO LLOLO| 1TT0 9L00 E€IL0 | SL0O 0.90 | TlUsLe | s6TLe | s
00L80°'T  999€0°'T  L6990'T | €860°T 6Z0'T 9SILO'T| TLLEQ 8LSTO ¥I9E0| ISE0 9STO0 €9€0 | ¥vT0 OIE0 | 00°SLE | LSVLE | TS
SECHO'T  L8SLO'T  009ZI'V | T860'T TLSO'T T18€0'T|891S0 S8STO 161TO| vPSO +¥STO TOTO | STTO  OLIO | £€99LE | €99L€ | 0§
90¥PIT  1T600'T  SSSEO'l [ TE60'T €SI0T 69v0°'1 | OYTTO L6ESO POPTO| PITO €PSO  €¥TO | 0SS0  SITO | 8I'vLE | SvvLE | 6F
EV69T' T 18€00'T  SILTOT | 9¥91'T 6S00°T LPEDT|9SST'0 98890 6€ST°Of SST'0 0690 SSI'0 | S89°0 OvI0 | €0vLE | SIvLe | 8p
0Z80T'T  TOTZO'T  TOLSO'T | OSTI'T €920°1 T9SO'1|S66T0 TIVSO I1TSTO| ¥OE0 +bSO TSI'0 | 0TS0 ZEI'0 | T6vLE | €8¥LE | Ly
SES8I'T S8IO0T  ¥8ITOT | 620T1 S666'0 06£0°1|€PI1'0 8PLLO T6OTO| 9110 €LL0 TIF0 | €40 0010 | 66€LE | T1'vLE | 9F
121071 690001  TE9IOT [ 69601 1HO0'T 1LO'T[TILOO TOL8O L8SO'Q| S90°0 €480 7900 | 8980 +S00 | TOVLE | SIVLE | S¥
99811 06100'F  TLOTO'T {¥ILTT L6660 OTTO'T|9Z01°0 6£v8°0 6LFO°0| OTI'0  Ty80 8PO0 | THO  +P0'0 | SI'VLE | OV'VLE | #b
9010T'1  ¥L000'T  9ESTOT | 6¥81°1 +T00'1 +TIO1 | 64900 S8060 1920°0| ¥90°0 0160 9700 | S060 +200 | SI'vLE | 0TvLE | €




A STUDY ON TERNARY VAPOR-LIQUID EQUILIBRIA 55

All the self virial coefficients By are determined from the correlation of the
Pitzer-Tsonopoulos (Tsonopoulos, 1974). To calculate the cross-virial coefficients
Bj; (i#), the Pitzer-Tsonopoulos correlation is again used with parameters T, P

e
€5

Trii » V., and W, which were defined by the semi-emprical combining rules given
by Prausnitz (1969).

In Eq.1, Vi, the molar volume of pure component i at a system temperature T
1s calculated using Rackett’s equation as modified by Spencer and Danner (1972).
This equation has been further modified by O"Connell for reduced pressures greater
than 0.75 and is given by the equation (Prausnitz, 1980)

V! =RT,Z; /P,
where
1=1+01-T, )™ for T <0.75

and Z_ is the modified Rackett parameter. The fugacity coefficient of saturated
pure vapor i, @}, in Eq(1) is computed by standard procedure given by Prausnitz et

al (1967). The pure component vapor pressures P° are calculated as a function of
temperature by the Antoine equation

1Oglopin =a, _bi/(ci +t)

where the constants a;, b; and ¢; are reported in Table 3.

Table 3. Antoine Constants for the Three Components
(From Am, Pet. Inst. Research Project 44 (1953))

Component a b C

heptane 6.90240 | 1268.115 | 216.900
methylcyclohexane | 6.82689 | 1272.864 | 221.630
toluene 6.95334 | 1343.943 | 219.377

The vapor-liquid equilibrium data given in Table 2 were found to be
thermodynamically consistent by the Li-Lu consistency test method rederived by
McDermott (1965). Among the 60 experimental points only Run 25 and 58 were
found to be somewhat inconsistent.
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Correlation and Prediction of the Isobaric Vapor-Liquid Equilibria of
Heptane(1)/Methylcyclohexane(2)/Toluene(3) at 101.325 kPa. Many solution
models, which relate activity coefficients to liquid composition and satisfy the Gibbs
excess energy equation have been proposed. Two solution models, Three Suffix-
Margules Eq. (Wohl, 1953) and UNIQUAC model of Abrams (1975) for liquid
phase activity coefficients have been compared in this study.

Three-Suffix Margules Equation. The three-suffix Margules Equation for
liquid-phase activity coefficients of a multicomponent system is given below (Wohl,
1953)

log,y, = x?[Aij +2Xi(Aji _Ai_i)] +x12<[Aik +2x, (Aki ~A, )]
rxx A, A, A A, -A, -A,) 12

+xi(Aji —Aij +Aki _Aik)+(xj _XkXA_ik _Akj)_C*(l—zxi)]

where Ay, Aji, A, Aui, Aj, Ay are adjustable binary parameters that can be obtained
from related binary VLE data. C" is a ternary constant and must be obtained from
the ternary VLE data. The activity coefficients of a ternary system 7Yy, ¥, V3 are
obtained from Eq.7 by rotating suffices one at a time in the order ijki (1231) etc.

UNIQUAC Equation. The UNIQUAC model of Abrams and Prausnitz

(1975) for a multicomponent liquid-phase activity coefficient for any component i is
given by

Iny, = In(® /x, )+ (Z2)n(0,/®@, )+1, - (@,/x, )Y x 1,
i

01,
_qln 61 l+q -q it 8
q, “(Z‘ T, ]+q. q.Zzekaj (8)
k

where

Ty :exp(_Aij/T)’ T =T T T =10,
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L=26-a)-6-1)

and the coordination number Z=10. Eq.8 requires pure component and binary
parameters. The parameters r and q are pure component molecular-structure
constants depending on molecular size and external surface areas. Aj; and Aj; are two
adjustable binary parameters that can be obtained from related binary VLE data.

Determination of Correlation Parameters. In order to determine the
correlation parameters necessary for predicting the ternary vapor-liquid equilibria,
three-suffix Margules and UNIQUAC Equations were fitted to published
experimental VLE data of the three binary systems; heptane/methylcyclohexane
(Bromiley, Quiggle, 1933), heptane/toluene (Rose, Williams, 1955) and
methylcyclohexane/toluene (Contractor, 1959), that had passed the Herington’s
consistency test (Ellis, Bourn, 1960). Then the correlation parameters were
optimized by using the Quasi-Newton fit program, which minimizes the objective
function.

N 2 N 2

OF.= Z(ylicxp - Y|iwC) /N+2(y2iexp - y2ica]c) N

i=1 i=l

N
+ z (YIiexp ~ Yiieae T mep = Yaicue )Z/N

i=1

Table 4. lists the optimized correlation parameters evaluated in this work. The
values of the parameters, r;, g; required by the UNIQUAC Eg. were taken from the
published data (Prausnitz, 1980).

Table 4.  Estimates for Parameters of Three-Suffix Margules and UNIQUAC Eq.

Three-Suffix Margules Eq. UNIQUAC Eq.
Binary System (i)/(j) Parameters Parameters
Ay Aji Ay Aji
heptane(1)/methylcyclohexane(2) | 0.003073 0.012160 | -115.00410 125.99703
heptane(1)/toluene(3) 0.136729 0.113741 107.77600 -75.13206
methylcyclohexane(2)/toluene(3) | 0.102371 0.089263 25.67868 2.04943
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Root Mean Square Deviations (R.M.S.D.) and Standard Deviation Percent of
(S.D.%) the experimental and calculated vapor compositions by the three-suffix
Margules and UNIQUAC Eq. using the binary correlation parameters evaluated in
this work for the three binary systems are reported in Table 5.

Table 5. Root Mean Square Deviations and Standart Deviation % of Experimental
and Calculated Vapor
Compositions in Binary System at 101.325 kPa.

Three-Suffix Margules Eq. UNIQUAC Eq.
Binary System (i)/(j) RMSD. | SD.% |RMSD.| SD.%
Ay Ay
heptane(1)/methylcyclohexane(2) 0.0033 0.65 0.0035 0.66
heptane(1)/toluene(3) 0.0008 0.12 0.0008 0.14
methylcyclohexane(2)/toluene(3) 0.0015 0.51 0.0015 0.48

N 2 12
* RM.S.D.= [Z(yw ~Yoo)N r
4

B )]

The boiling points of the binary and the ternary system were also correlated
with its composition by the equation proposed by Wisniak and Tamir (1976).

chp - Ycalc

s SD.g= X (i(
1

N

3 3
T=x,T' +x,T, +x,T; +z xinch(xi —xj)k +x1x2x3[A+B(x, —xz)

=l k=0
+C(X1 _X3)+D(X2 _Xz)]

The values of the constants ¢, from binary boiling points and A, B, C, D from
ternary boiling points were obtained by a Simplex optimization technique and are
given in Table 6. Eq.12 predicts the ternary boiling points with an average percent
deviation of 0.043 and R.M.S.D. of 0.207 °C.
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Table 6. Correlation of Binary and Ternary Boiling Points (From Eq.12)

Binary System (i)/(j) Constants of Eq. RMS.D. | SD.%

Co Cy Cy C3 AT, K

heptane(1)/methylcyclohexane(2) | -0.723 -0.092 | -0.872 | 1.745 0.026 ]0.005
heptane(1)/toluene(3) -11.889 | 4.650 | -3.074 | 1.825 0.015 ]0.003
methylcyclohexane(2)/toluene(3) -8.795 2461 | -2.436 | 1.125 0.031 0.007
Ternary System (i)/(j)/(k) A B C D
heptane(1)/methylcyclohexane(2)/ | 6.092 10.842 | 14.222 | -3.570 0.207 10.043

toluene(3)

Results and Conclusion

The activity coefficients of the components of the ternary system were
calculated by the three-suffix Margules and UNIQUAC Equations using the binary
parameters. Since the last term (C") in the three-suffix Margules equations (Eq.7)
contributed less than 0.7% to the activity coefficients and their influence was
important only at very dilute concentrations of the particular component, the
constant C* was omitted in the predictions. The calculated activity coefficients by
means of the three-suffix Margules equations at system boiling points are reported in
Table 2. Once the activity coefficients have been obtained, vapor compositions of
the ternary system at 101.325 kPa were calculated by Eq.1 and are also listed in
Table 2. For practical purposes a detailed computer program was prepared for each

of the two equations to predict the isobaric ternary VLE data.

The three-suffix Margules and UNIQUAC predicted vapor compositions are
given in Fig.1-2 for the components, heptane, methylcyclohexane, toluene.
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Fig 1. Comparison of Observed and Calculated Vapor Compositions for

heptane(1)/methylcyclohexane(2)/ toluene(3) at 101.325 kPa by Three-Suffix Margules
Equation.

1
Y-
a
0.75
A
.
°
L
K
3 05
3 0
-1 .
S
=
0.25
o |
o] 0.25 05 0.75 1
y;observed
[. Heptane 4 M.C.H. ®Toluene

Fig 2. Comparison of Observed and Calculated Vapor Compositions

for
heptane(1)/methylcyclohexane(2)/ toluene(3) at 101.325 kPa by UNIQUAC Equation.
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~ RM.S.D’s and S.D.% between the experimental ternary vapor compositions
and the ternary vapor compositions predicted at two different boiling points
(experimental, calculated) by the three-suffix Margules and UNIQUAC equations
using the binary parameters determined in this work are listed in Table 7.

Table 7. Root Mean Square Deviations and Standard Deviation % of Experimental
and Estimated VLE of the Ternary System.

Ternary System Three-Suffix Margules Eq. [UNIQUAC Eq.
heptane(1)/methylcyclohexane(2)/toluene(3) RM.S.D,, Ay | S.D.% |RM.S.D, Ay|S.D.
%
Estimations Using Exp. Boiling Points
heptane(1) 0.0030 1.24 0.0054 3.8
methylcyclohexane(2) 0.0031 1.08 0.0051 1.97
toluene(3) 0.0081 3.58 0.0077 34
overall 0.0047 0.0061
Estimations Using Calc. Boiling Points
heptane(1) 0.0033 1.38 0.0058 38
methylcyclohexane(2) 0.0035 1.04 0.0055 1.94
toluene(3) 0.0073 3.38 0.0068 |3.23
overall 0.0047 0.0060

Table 7 exhibits that the average R.M.S.D.’s of the predicted vapor phase
compositions of the ternary system are in the order of £0.0047 mole fractions with
the three-suffix Margules Equations and £0.0061 mole fractions with UNIQUAC
Equations. S.D.% between the experimental and the predicted vapor compositions
are in the range of 1.24-3.58% with the three-suffix Margules Equations and in the
range of 1.97-3.80% with the UNIQUAC Equations. The comparison of the above
results exhibit that both equations are capable of reproducing the values of vapor
phase mole fractions for the ternary system. But the three-suffix Margules Equations
produced better results for the ternary system, although there was not any difference
in the theoretical predictions with the both thermodynamic methods for the binary
systems comprising the ternary system (Table 5). This lack of agreement is believed
due to the effect of temperature on the characteristic energy parameters A, Aj;, in
the UNIQUAC equation. Although UNIQUAC Eq. with two adjustable parameters
was derived for solutions containing molecules of different sizes and requires only
pure component data, it can not represent high-quality data with high accuracy for
the ternary system with high boiling temperature differences of its components.

As a conclusion, experimental vapor-liquid equilibrium data were determined
at 101.325 kPa for heptane/methylcyclohexane/toluene mixtures corresponding to
almost all areas of the ternary composition chart. The behavior of the ternary system
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was predicted by the three-suffix Margules and UNIQUAC Equations and the three-
suffix Margules Equations achieved the smallest deviations from the experimental
data. The experimental ternary VLE data, apart from its intrinsic value for the design
of distilling plants, provided an important means of testing the validity of the three-

A. A OZALP, U. OZALP and B.EDIZ

suffix Margules and UNIQUAC Equations.

Glossary

A

1)

Ck

Binary parameters of the three-suffix Margules and UNIQUAC equations

defined by Eq.s 7 and 9.
Virial coefficient (cm/g.mol)
Constants of Antoine Eq. (Eq. 6)
Ternary constants of the three-suffix Margules equation

Constants of Eq. 12 calculated from binary boiling points

A,B,C,DTernary constants of Eq. 12

1

Constant defined by Eq. 9

Number of components in the multicomponent system
Number of data points

Total pressure

Critical pressure

Pure component vapor pressure at boiling point

Pure component area parameter
Pure component volume parameter
Gas constant

Temperature
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T Absolute temperature

T, Critical temperature of a component i
V., Critical volume (cm’/g.mol)

Wij An acentric factor

X Liquid phase mole fraction

y Vapor phase mole fraction

Z, Rackett parameter

Greek Letters

Y Activity coefficient

0 Average area fraction defined by Eq. 10
T Coefficient defined by Eq. 9

o; Fugacity coefficient defined by Eq. 1

0; Average segment fraction defined by Eq. 10
Subscripts

c critical constants

1,j,k components 1,j,k

L Liquid phase

Abbreviations

RM.SD. Root Mean Square Deviations
S.D.% Standard Deviations Percent
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VLE Vapor-Liquid Equilibrium
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