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Abstract:

The binary system of n-hexane (1) and toluene (2) will be used in this experiment, however
the lab instructor may also assign another system. The activity coefficients are then derived
from the reduced equilibrium data. The calculated activity coefficients are fitted to an
appropriate model, such as the Margules, Van Laar, NRTL. UNIQUAC, and Wilson
equations with two suffixes. The experimental data nfisthe compared to the UNIFAC
method's projected activity coefficients as well as to the documented literature values for the

system assigned to the group.
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Results

Table 1: Properties of toluene and hexane

Temperature sat sat
o | o | "oty | e | v | it | b
lqui liquid
e R Kgm') | Kgm) | Kgm3) | (Komd)
681.067 2.643 2.472 785.2 574.9
98.1 1756.16 52515 2.705 2.530 792.4 583.7
89.4 1392.795 399.03 2.770 2.591 801.1 %532
83 1164.627 | 322.764 2.820 2.638 807.5 600
;(9)?2; 1043.52 283.34 2.850 2.666 811.3 603.4
- 800.49 206.83 2.923 2.734 819.8 613
67.7 735.59 187.06 2.946 2.756 822.4 615.7
64.5 664.1 165.65 2.974 2.782 825.5 619
61.6 594.23 145.15 3.000 2.806 828.2 621.9
57.4 524.92 3.038 2.842 832.2 627.9
~—""
Table 2: Vapor phase properties of hexane and toluene
Temperature | RI, Vapor Volume- & Hexane | @ toluene | Mole fraction Mole fraction
(.c) Hexane % vapor vapor of toluene of hexane
(Y1) (Yn)
106.8 e 34.862 34.859 1 0.0000
98.1 1.4912 0.0450 34.063 34.062 0.9550 0.0450
89.4 1.4745 0.1840 33.261 33.264 0.8160 0.1840
83 1.4271 0.5792 32.675 32.674 0.4208 0.5792
79.2 1.4249 0.5975 32.326 32.330 0.4025 0.5975
70.4 1.433 0.5300 31.519 31.522 0.4700 0.5300
67.7 1.4175 0.6590 31.271 31.272 0.3410 0.6590
64.5 1.403 0.7800 30.978 30.982 0.2200 0.7800
61.6 1.409 0.7300 30.712 30.713 0.2700 0.7300
T 574 B 30.327 30.327 0.0000 1.0000
Table 2: Liquid phase properties of hexane and toluene
——————— T R liquid | Volume- O Hexane | @ toluene | Mole fraction Mole fraction
Tempaeraflll'e RI, liquid Hexane % liquid liquid of toluene of hexane
¢ (X1) (Xi)
— 71068 | j 0.1499 0.1173 1.0000 0.0000
— 8.1 | 14951 0.0125 0.1476 0.1163 0.9901 0.0099
— g9.4 | 14875 0.0758 0.1453 | 0.1150 0.9390 0.0610
— g3 | 1482 0.1216 0.1436 0.1141 0.9009 0.0991
— 792 | 1468 0.2383 0.1428 0.1136 0.8008 0.1992
— 04 | 147 0.2216 0.1406 0.1124 0.8146 0.1854
— 7.7 | 14312 0.5383 0.1400 0.1120 0.5173 0.4827
— 645 | 14179 0.656 0.1392 0.1116 0.3954 0.6046
— 1.6 | 13922 0.87 0.1386 0.1113 0.1569 0.8431
[:57;4’: 0.1373 0.1107 0.0000 1.0000
v
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Figure 1: T-XY diagram
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Table 4: Activity coefficient using modified Raoul’s law
]
7
0.9981
1.2485
1.4803
0.9837
1.2057
— el
2.3955
2.2827
8.0577
L~
Table 5: Activity coefficients using van laar modeling
///
/J%’/Mﬂ@/’/ll//’/ﬁ//
2.919E-05 _"LSOZla 2.0120 _/L(M/_,_
1.183E-03 ’,%4/1/95’05// 1.0012
3.273E-03 /ML_—,__IQQ‘E.//LQQ@/—
_1.502E-02 %/ﬂ//ﬁ@/
1.278E-02 /ML’/Q%—«—_,L‘HQ——’
1.331E-01 —,;017’85’,,__’_/143&/_ 1.1424
w’%ﬂf 1.2926
| 8.059E-0L -0.9104 ’/,_1;(),63‘7//@_8,——

ats using Two-suffix Margules Equation

Table 6: Activity coefficie
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Figure 3: In(gamma) Verses X(hexane) in Two-suffix Margules from thermosolver

P
/

~




7.000E+00
6.000E+00
5.000E+00

4.000E+00

Iny

3-0mE+00 ® gﬂy]

@iny2
2.000E+00

1.000E+00 ‘
s ve

0.000E+00 Mowu& P bl e
0.0000 0.1000 0. 2000 03000 0.4000 0.5000 0.6000 0.7000 0.8000 0.5000

x (hexane )

A
/
Figure 4: Iny1(hexane) and Iny2(toluene) ver;és X(hexane) that calculated from van laar
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Figure 6: The consistency of data using integral test
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Figure 7: The consistency of data using differential test
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Discussion

Vapor-liquid equilibri .

s ars eguilibiilzz, vsirﬂ\I’LE for short, is th.e state in which a liquid and its vapor (gas

changing into vapor) and th one another. In this state, the rate of evaporation (liquid

olecular level, fréventin e rate of condensation (vapor changing into liquid) are equal ona

liquid e quilibri{]m rich 1§ any n'et (overall) vapor-liquid interconversion. Also, the vapor-
which is used in thermodynamics and chemical engineering, defines how a

chemi tes is disti
mical species is distributed between a liquid phase and a vapor phase, VLE data can be

determined or approximated wi
with the help of certai : \
Law, and Henry's Law. p of certain theories such as Raoult's L

aw, Dalton's
Figure 1 ShOWS: the Txy-diagram, which was developed based on experimental equilibrium
data. f_‘or a non-ideal mixture of n-Hexane and Toluene, to illustrate the vapor-liquid
equlh'brlum. The bubble and dew curves of the n-Hexane-toluene system arc shown by the T
Xy-dlz.lgram. The temperature in degrees Celsius is indicated by the Y-axis. Since the bubble
curve is above the Raoult's Law line, the system exhibits a positive deviation from that law,
as seen in Figure 1: The vapor pressure for the combination is higher than the vapor pressure
for each pure component, which causes both components to escape from solution more

readily, according to the TXY-diagram, which represents the bubble and Dew curves of the
hexane-toluene system.

As it can be noticed in figure 1 there is an error that can be observed in the scattered data,
because experimental measurements are inherently imprecise, experimental vapor-liquid
equilibrium data always contain random error. The data may potentially include systematic or
nonrandom errors brought on by poor experimental design, or it may be a personal error that
cause the uncertainty, such as ignoring the bubbles on the in the tube of the device, €
furthermore when taking the samples for th?fracﬁve index reading, Part of the system's

volume is lost.

According to the data in Table 1: final result of data acquired from the experiment, the
boiling temperature of the combination is between the boiling temperatures of pure hexane
and toluene, providing an indication of data trustworthiness.

In thermodynamics, an activity coefficient is a factor used to account fo@ from
ideal behavior in a mixture of chemical substances. For this experiment, three models are
used to compute the activity coefficient: Modified-Raoult's law, van laar modeling and Two-
suffix Margules Equation.

using a table (5) The ascending curve in figure ), which depicts the activity coefficient for
hexane, offers an excellent estimate of gamma}andfgémma 2, as can be seen.

The graph demonstrates that when toluene is pure (x = 0), toluene's activity coefficient has
the maximum value while hexane's activity coefficient is equal to zero. Hexane's gamma rises
as its composition grows, reflecting the efficacy of each component in the combination. As
we can see, as the composition of hexane increases, so does the activation of hexane in .the
solution; conversely, as toluene's activation 1},&1{ solution decreases. ‘

10




In order to statistically handle random error and make systematic error easier to identify, a
thermodynamic consistency test is proposed.

Data consistency (The thermodynamic consistency test) It is a method of determining if a
certain set of experimental VLE data fulfills the basic Gibbs—Duhcm equation.

Figure (6) illustrates the integral test for data consistency, the consistency from the area under
the curve is found to be -0.04, which is acceptable.
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Conclusion

* Equilibrium data for the (n-hexane

) -toluene) binary system has been determined to be
used later in any distillation calculation (bubble point, dew point and flash

calculation) .
Since the binary (n-hexane -toluene) system is not ideal due to difference in shapg .
size and molecular interaction, the mixture does not obey Raoul’s law and the activity
coefficient is far from unity. |
The activity coefficient which is a measure of how much the real mixture differs from
ideal mixture has been calculated using different methods (modified Raoul’s law, van
laar modeling, and Two-suffix Margules Equation) . G -
The positive deviation from Raoul’s law shown in Txy diagram indicates tha .
i is hi he vapor pressure for each componen
vapor pressure for the mixture is higher t}}an t por p e i
pure form, which means that the mixture 1s more volatile that bo

pure form

S
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Appendix
Sample of calculation

*The followi i
lowing calculations are for the second row of each table

1. Vapor phase of hexane and toluene (Table 2):

Let @ . = molecular wight (MW) .
g"v density (p; ,) be the conversion factor or the vaper phase,
At T=98.1 C. a’
6
Reflective index (RI) =1.4912 gelradkive I

V% of hexane =0.045

V% of toluene= 1- V% of hexane = -0.045 = 0.955
L ( 0
Phyv * Vh%)/MWh
; Vo) = ; —
Mole fraction of hexane (Yh) (v *Vn% 3 /MWy + (Ptv V%) /MW,
(0.045/34.063)
(o 045,/34.063)+(0.955/34.062)

0
(u¥/lns). = 0.0449

(Vi %/ Bn,v)+(Ve%/Pry)

1- Mole fraction.of hexane (Yn) = 0.9550

o~
-

—
P

jes of hexane and toluene (Table 3):

Mole fraction of toluene (Yo)=

2. liquid phase propert

ight (MW ; .

Let Bi1 = mdef;::;g?p. 1)( ) be the conversion factor or the liquid phase,
' i

At T=98.1C.
Reflective index (RI) =1 4951 /
V% of hexan€ =0.0125

of hexane = 1-0.0125=0.9875

(Pn) *Vp%)/MWy

Mole fiaction of hexan® (X0 = (oL oy 063 /MWy, + (o) +V96) /MW,
(0.0125/0.1476)

~ (0.0125/0.1476)+(0.9875/0.1163)

V% of toluene= 1- V%

(Vi %/%n,)
V},%/%n, l)*(VL%/ﬂt 1)
fraction of toluene (Xy= 1- Mole fraction of hexane (Xj,) = 0.990]

=0.00987

Mole

3, Activity coefficient using modified Raoul’s law (Table 4):

Yy+Prp 0.0449+
) = — 679,75
ne: Y1 — At o
For hexa ¥ X1 #P1*(T) 000987*17o6 1() - 17608

14




F .
or toluene: Y, = Y2*Pp — 0.9550%679.75

sat —— e T
XZ*PZ (T) 0.9901*525.15 1.2485

*Partial .
ress X
Pressure is founded using Antoine equation by thermosolver.

4. Activity coefficients using van laar modeling (Table S):

*Values of vaan laar coefficient
. 1cients (A;, = 0.70 _
Figure (2) (Ar2 5011) and (A,; = 1.67827) are taken from

: A1z 0.705011
For hexane: Iny; = [1 A1z*§1_]2 B [ 0005502 = 0.6991
|A21 X2 " 167827 o.9901]

¥y = 8259 = 20119

For toluene: Iny, = ——2— = St Ll =2.9186 * 1075
o folwertes 1T +A21.ﬁ]2 [ , 167827 0.9901 ]2 -

Az X1 70.705011 0.00987

Yy = 29186 * 107° — 1 00003

/

5. Activity coefficients using Two-suffix Margules Equation (Table (6)):
#Values of Two-suffix Margules coefficient (A2)=.751748 is taken from Figure (3)
For hexane: Iny; = Az * X3 = 0.751748 « 0.9901%=0.7369

vi = 00-7369 = 20894

For toluene: Inyz = Arz * X2 =0.751748 = 0.00987%=0.00007

y, = 200007 =1.00007

L~
—

~
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Version no. 7 September, 2020

Liquid-Liquid Equilibrium Data Sheet

Tie-Lines Determination:

A. Water rich phase:

Vol BT

u.m(?nolg water | Volume of Toluene | Volume of Acetone |  RIof water RI of Toluene .

(ml) Sy e layeér , layer
b ) 18 \ 20 \ 13 LYYl
N 26 \ 17 ‘ 8 \ \?)\ Y 85()J 0) " i
N TR ra
219 | i | 3 3382
Solubility curve A

Volume of Acetone (ml).

‘Volume of water (ml).

Volume of Toluene (ml)

5 20 10.F-10.0 = 0.7
10 B 20 jyFcte-®= v,

o 7 I ” TFEIE LY
20 3 10 eIz
% | 10 WAL

B. Organic solvent rich phase:

Voltme of Acetone (ml),

Volume of Toluene (mb);

Nolume of water {x

5

20

T e air]
b3 -z 03 |
3163z . (0.3

\
RSt
6.6-163= o oo
3.3 - \6R =
NAERRFT |\
2:0-0_\'-!-.3:' _ 7z oL

page 16 of 48 =

I




