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Abstract—The experimental binodal curve, tie line and plait point were determined for the ternary systems
of pyridine-water with cyclohexane, o-xylene, aniline, monochlorobenzene, n-butyl acetate and ethyl acetate
as solvents at 25T, and those tie line data were used to test thermodynamic consistency. The experimental
tie line data were correlated with the UNIQUAC and modified UNIQUAC models, and the parameters in
each model and the calculated values of tie lines were predicted. The distribution and selectivity curves
in the equilibrium of ternary systems were determined to find the extraction effect.
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Fig. 1. Schematic diagram of experimental equipment.
A : Thermometer E : Magnetic stirring bar
B : Microburet F : Magnetic stirrer
C : Water jacket
D : Sample bottle

G : Heat controller
H : Water bath
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Table 1. Physical properties of chemicals used
. Density Ref.index B.P. Purity
Chemicals (95¢) (95¢) © Source (%)
cyclohexane 0.7699 14310 80.7 Junsei 999
o-xylene 0.8700 15054 1444 Junseir 98.5
monochloro-  1.0924 15279 1316 Junsei 995
benzene
n-butyl 0.8655 1.3982  126.1 Junsei 99.5
acetate
aniline 1.0111 15880 1844 Junsei 995
ethyl acetate 0.8922 1.3772 771 Junsei 995
pyridine 0.9742 15148 1152 Junsei 99.8
water 09970 13325 1000
pyridine C : cyclohexane
[ : o-xylene
<& : monochlorobenzene
¢ : n-butyl acetate
{J: aniline

: ethyl acetate

solvent water

(wt %)
Fig. 2. Comparison of binodal curve for solvent(1)-water
(2)-pyridine at 25°C.
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Table 2. Binodal curve data for solvent(1)-water(2)-pyridine(3) at 25°C(wt%)

Xi(A) X; Xy Xi(B) X, X X,(0) X, Xs
100.00 0.00 0.00 100.00 0.00 0.00 100.00 0.00 0.00
95.88 0.13 3.99 67.95 1.70 30.35 72,61 158 25.81
84.23 0.45 15.32 50.17 5.02 44.81 55.40 522 39.38
72.38 0.90 26.72 39.01 8.74 52.25 3541 1424 50.35
66.43 0.83 32.74 20.05 17.29 62.66 20.83 23.65 55.52
4891 1.64 4945 16.11 20.27 63.62 15.39 28.56 56.05
3851 3.08 5841 10.02 26.82 63.16 10.46 34.85 54.69
18.38 7.29 74.33 7.56 31.21 61.23 6.54 4292 50.54
9.98 11.78 7824 3.58 44.28 52.14 346 54.09 42.45
494 19.31 75.75 11z 7101 2787 133 70.86 27.81
X\(D) X, Xy B X X, X.(F) X, Xy
100.00 0.00 0.00 97.01 299 0.00 95.10 490 0.00
64.56 6.61 28.83 89.40 4.09 6.51 87.39 6.64 597
44.04 16.63 39.33 74.86 7.24 17.90 7407 10.82 15.11
31.68 25.88 4244 63.62 11.91 2447 54.65 2144 2391
3091 26.89 42.20 46.50 17.73 35.77 48.28 27.51 24.21
25.98 31.19 42.83 34.46 25.50 40.04 45.25 30.67 24.08
2421 32.55 43.24 2591 3391 40.18 37.89 39.09 23.02
2143 35.52 43.05 18.16 45.85 35.99 28.22 51.55 20.23
12.42 49.07 38.51 9.79 64.78 2543 16.63 69.69 13.68
5.26 68.04 26.70 4.24 85.76 10.00 6.21 90.58 3.21

(A) cyclohexane, (B) o-xylene, (¢) monochlorobenzene, (D) n-butyl acetate, (E) aniline, (F) ethyl acetate

Table 3. Experimental tie lines for solvent(1)-water(2)-pyridine(3) at 25°C(mole %)

Solvent Solvent layer Water layer
Xll XZl X31 XlZ X22 X'§2
cyclohexane 1.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.9518 0.0060 0.0422 0.0028 0.9146 0.0827
0.9068 0.0092 0.0840 0.0052 0.8375 0.1573
0.7936 0.0214 (.1850 0.0132 0.6835 0.3033
0.6891 0.0401 0.2708 0.0206 0.5538 0.4257
o-xylene 1.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.9153 0.0063 0.0784 0.0001 0.9918 0.0081
0.8215 0.0288 0.1497 0.0005 0.9804 0.0192
0.7074 0.0675 0.2251 0.0078 0.8459 0.1463
0.6169 0.0931 0.2900 0.0122 0.7712 0.2166
monochlorobenzene 1.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.6962 0.0502 0.2536 0.0018 0.9529 0.0453
0.6039 0.0798 0.3163 0.0024 0.9307 0.0669
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Table 3. Continued.

S o)A % - w5

Solvent layer Water layer
Solvent Xo Xa Xa Xa X Xz
0.5703 0.0914 0.3323 0.0044 0.8874 0.1082
0.4953 0.1445 0.3641 0.0103 0.8259 0.1638
n-butyl acetate 1.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.6805 0.1631 0.1564 0.0024 0.9780 0.0197
0.5749 0.2127 0.2123 0.0054 0.9552 0.0394
0.5368 0.2351 0.2280 0.0057 0.9487 0.0455
0.4689 0.2616 0.2635 0.0098 0.9200 0.0702
aniline 0.8625 0.1375 0.0000 0.0055 0.9945 0.0000
0.6492 0.2367 0.1141 0.0067 0.9857 0.0075
0.5613 0.2808 0.1580 0.0071 0.9815 0.0114
0.4160 0.3880 0.1960 0.0082 0.9743 0.0174
0.2512 0.5163 0.0325 0.0117 0.9532 0.0351
ethyl acetate 0.7986 0.2014 0.0000 0.0080 0.9920 0.0000
0.6906 0.2568 0.0525 0.0095 0.9872 0.0033
0.5813 0.3230 0.0957 0.0137 0.9784 0.0079
0.3739 0.4844 0.1418 0.0241 0.9548 0.0211
0.1939 0.6890 0.1171 0.0452 0.9127 0.0420
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Fig. 3. Ishida correlation for solvent(l)-water(2)-pyridine
(3) at 25°C.
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Table 4. Correlation of equilibrium data for the solvent-water-pyridine system at 25°C

Equation o-Xylene Aniline n-Butyl Ethyl Menochloro- Cyclohexane
acetate acetate benzene
Bachman-Broun[17] M= ~0.0370 0.0085 —0.0065 0.0069 —0.0099 —0.0841
Xi/Xe=MX;; +N N= 4.3637 0.1714 1.4987 0.3295 1.8393 9.3979
r= 0.9793 0.9997 —0.7824 0.9992 —0.7809 -0.9965
Hand[18] 0.5164 11721 0.7091 0.8910 0.6571 0.9279
log(Xs1/X1=Mlog(Xs/Xz2) ~0.4931 0.8041 —0.1185 04171 —0.2051 -0.9449
+N 0.9873 0.9852 0.9872 0.9950 0.9929 0.9983
Othmer-Tobias[8] 0.5239 1.4666 0.6826 1.2001 0.6654 0.9252
Tog[ (100—X11) /Xy 1= —04778 0.9724 —0.1051 0.5629 —0.1950 -0.9517
Milog[ (100—X30) /X201 + N 0.9887 0.9765 0.9864 0.9945 0.9933 0.9983
Major-Swenoson[ 19] 0.5261 1.0208 0.7260 0.8062 0.6630 0.9661
log[ (100 —X31) /Xa1]= 0.4824 —0.5297 0.1098 —0.2431 0.2001 0.9140
Mlog[ Xa,/(100— X5 ]+ N 0.9837 0.9655 0.9886 0.9811 0.9933 0.9955
Hirata-Fujita[ 20] 0.5261 1.0208 0.7260 0.8062 0.6630 0.9661
log[ X5/ (100—X5) 1= —0.4824 05297 —0.1098 0.2431 —0.2001 —0.9140
Mlog[ X3/(100— X351+ N 0.9837 0.9655 0.9886 0.9811 0.9933 0.9955
Ishida[9] 0.3994 0.3745 0.4812 0.3040 0.3915 0.4952
logl (X5:X11/XaX11)]= —0.5120 0.0815 —0.0211 0.0700 0.3556 —0.4076
Miog(X21 X1/ Xp2X11) + N 0.9955 0.9567 0.9973 0.9892 0.9971 0.9938
Table 5. Model parameters for solvent(1)-water(2)-pyridine(3) at 25°C
(a) UNIQUAC model
Solvent Un Uz Uy Ui Uz RMSD
cyclohexane 1000.00 1667.23 2574.12 3556.33 1808.26 151200  0.2906
o-xylene 1000.00 1448.53 52.83 2699.44 2955.19 2104.00 0.5428
monochlorobenzene 1000.00 374.55 3346.56 5749.94 1927.52 1812.93 0.6143
n-butyl acetate 1000.00 1582.20 1434.20 2764.96 1510.11 1570.88 0.3498
aniline 1000.00 822.30 1635.83 1145.54 1622.24 1349.25 0.3400
ethyl acetate 1000.00 1670.67 822.64 1654.73 1027.23 1203.71 0.45Q9 i
(b) modified UNIQUAC model
Solvent Un Uz Uy Uss Uy RMSD
cyclohexane 1000.00 1467.59 2677.32 5195.64 1939.46 1502.10 0.2688
o-xylene 1000.00 1957.53 127.07 3976.52 3425.90 2254.60 0.5289
monochlorobenzene 1000.00 1742.69 3259.20 7106.64 187947 1829.96 0.5950
n-butyl acetate 1000.00 1468.63 1536.69 2591.60 1533.84 1560.10 1.0717
aniline 1000.00 869.20 1588.17 1174.00 1689.76 1352.01 0.6641
ethyl acetate 1000.00 2113.54 1104.29 2774.52 2653.20 1476.42 0.5704

(Constraint : 50<U £9999)
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Table 6. Calculated tie-lines for solvent(1)-water(2)-pyridine(3) at 25°C(mole %)

(a) UNIQUAC model

Solvent layer Water layer
Solvent X Xy Xn Xy X X
cyclohexane 0.9935 0.0065 0.0000 0.0000 1.0000 0.0000
0.9410 0.0102 0.0487 0.0000 0.9179 0.0821
0.9051 0.0128 0.0821 0.0000 0.8424 0.1576
0.8057 0.0199 0.1744 0.0003 0.6918 0.4221
o-xylene 0.9884 0.0023 0.0009 0.0000 0.9998 0.0002
0.9037 0.0040 0.0923 0.0005 0.9926 0.0069
0.8464 0.0488 0.1048 0.0006 0.9785 0.0209
0.7002 0.0645 0.2353 0.0015 0.8498 0.1487
0.6769 0.0831 0.2400 0.0089 0.7748 U.1362
monochlorobenzene 1.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.6660 0.0932 0.2408 0.0015 0.9623 0.0362
0.5984 0.1001 0.3015 0.0020 0.9311 0.0668
0.5545 0.1058 0.3397 0.0030 0.8911 0.1059
0.5120 0.1117 0.3762 0.0051 0.8279 0.1669
n-butyl acetate 0.9815 0.0185 0.0000 0.0000 1.0000 0.0000
0.6801 0.1662 0.1537 0.0020 0.9700 0.0280
0.5669 0.2177 0.2154 0.0032 0.9501 0.0467
0.5321 0.2241 0.2438 0.0041 0.9411 0.0548
0.4665 0.2711 0.2624 0.0081 0.9211 0.0708
aniline 0.8621 0.1377 0.0002 0.0032 0.9940 0.0028
0.6472 0.2331 0.1197 0.0066 0.9811 0.0123
0.5612 0.2800 0.1588 0.0077 0.9842 0.0001
0.4153 0.3870 0.1977 0.0081 0.9771 0.0148
0.2552 0.5162 0.2286 0.0127 0.9531 0.0342
ethyl acetate 0.7984 0.2016 0.0000 0.0078 0.9922 0.0000
0.6911 0.2561 0.0528 0.0094 0.9875 0.0031
0.5811 0.3233 0.0956 0.0135 0.9781 0.0084
0.3739 0.4841 0.1420 0.0241 0.9508 0.0251
01933 0.6877 0.1190 0.0420 0.9159 0.0421
(b) modified UNIQUAC model
Solvent Solvent layer Water layer
Xll X21 X31 X12 X22 X’i2
cyclohexane 0.9995 0.0005 0.0000 0.0000 1.0000 0.0000
0.9414 0.0080 0.0507 0.0000 0.9180 0.0820
0.9036 0.0126 0.0838 0.0000 0.8426 0.1574
0.8028 0.0235 0.1736 0.0001 0.6926 0.3072
0.6866 0.0336 0.2799 0.0006 0.5762 0.4232
o-xylene 0.9976 0.0024 - 0.0000 0.0000 1.0000 0.0000
0.9043 0.0464 0.0049 0.0001 0.9944 0.0055
0.8264 0.0488 0.1248 0.0001 0.9884 0.0115
0.7064 0.0611 0.2325 0.0103 0.8430 0.1467
0.6198 0.0987 0.2905 0.0103 0.7773 0.2124
monochlorobenzene 0.9591 0.0409 0.0000 0.0000 1.0000 0.0000
0.6958 0.0807 0.2235 0.0000 0.9526 0.0473
0.6262 0.0939 0.2799 0.0001 0.9247 0.0752
0.5665 0.1071 0.3264 0.0001 0.8921 0.1078
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Table 6. Continued.

Solvent layer Water layer
Solvent Xy Xo1 Xa1 X1z Xo0 X3
0.4866 0.1263 0.3871 0.0004 0.8382 0.1614
n-butyl acetate 0.9486 0.0514 0.0000 0.0000 1.0000 0.0000
0.6717 0.2051 0.1232 0.0001 0.9793 0.0207
0.5739 0.2193 0.2068 0.0001 0.9599 0.0400
0.5424 0.2244 0.2332 0.0001 0.9517 0.0482
0.4761 0.2366 0.2874 0.0001 0.9283 0.0715
aniline 0.8641 0.1359 0.0000 0.0086 0.9914 0.0000
0.6442 0.2361 0.1197 0.0094 0.9835 0.0071
0.5630 0.2801 0.1569 0.0069 0.9811 0.0120
0.4154 0.3881 0.1965 0.0088 0.9701 0.0211
0.2503 0.5161 0.2336 0.0111 0.9511 0.0378
ethyl acetate 0.7971 0.2029 0.0000 0.0076 0.9924 0.0000
0.6942 0.2563 0.0495 0.0091 0.9874 0.0035
0.5812 0.3234 0.0954 0.0136 0.9780 0.0084
0.3731 0.4843 0.1426 0.0241 0.9544 0.0215
0.1937 (.6881 0.1180 0.0451 0.9122 0.0427
pyridine 2
®-—-@® cxp. data o010
&— cal. -
B
= og(X; vs.
UNIQUAC >1< ¢ lég( ;éa/xz)
g of
E;
= o-1fF
g
h . g A : Hand
o-xylene 50 ! (w‘t% ) water —g-c -2 7 : Othmer-Tobias
Fig. 4. Comparison of experimental data and values cal-
culated by liquid models for o-xylene(1)-water(2)- -3 1 1 1 i
-3 -2 -1 0 1 2

pyridine(3) system at 25°C.
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Fig. 5. Plait point determination for monochlorobenzene
(1)-water(2)-pyridine(3) at 25°C.

Othmer-Tobias

100_X1] 100“X|g &

= = (14)
XH X]Z X|
— X 100—-X, :
100 ng - 00 21 _ X.S ( 15)
XZ:Z XZI XZ
th 4 © 2 monochlorobenzene-water-pyridine #] o] th

HWAHAK KONGHAK Vol. 30, No. 1, February, 1992



96 QA7) - o] 2L

EY

Table 7. Estimated plait point data for solvent(1)-water(2)-pyridine(3) systems at 25°C(wt%)

Hand Othmer-Tobias
Solvent
X, Xz X3 X, X2 X3
cyclohexane 29.69 4.20 66.11 29.97 4.37 65.66
o-xylene 28.26 13.00 58.74 2746 12.09 60.45
monochlorobenzene 34.91 11.03 54.06 30.28 12.05 57.67
n-butyl acetate 33.24 2111 45.65 31.07 21.82 47.11
aniline 17.06 48.08 34.86 18.11 46.08 35.81
ethyl acetate 26.84 54.54 18.62 27.24 52.55 2021
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Pyridine wt% in water layer
Fig. 6. Distribution of pyridine between water layer and
solvent layer at 25°C.
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Pyridine wt% solvent-free water layer
Fig. 7. Selectivity curves for solvent(l)-water(2)-pyridine
3) at 25°C.

2.2 veldle] Fig. 6, 7o vebligleom o] of Zelx
ZHE] o-xylene, monochlorobenzene, n-butyl acetate
7} solutropyd@Ate] doldg ot F Q%R cyclohex-
ane2 AYze Fv Pulert @S 4 F sdx
Al e} Foll-go] =n v)5-3 Ae]r} 2 anilinee] pyr-
idineol] ™3t solvent® A3+ 7o 2 ephydr)

4.2 £

25Co)| 4] solvent-water-pyridineAlol] ot &3 =
A Agldlolete} tie line HEd|olelE Fa1don tie
line A&dlolele] AAA FA ol ozl AUFE FHal
el o) tie line A @Ho]elE o] L3} UNIQUAC
213} modified UNIQUACA] Z¢] sleln|e] g A sl
=gt tie line A4S Falgch

L3554 4k2] plait point= Treybals} Weber7} |
A% 98- Al8-3}ed Table 74l e e} =& pyri-
dine $4Ho| M pyridines FZ3h=dl A8 &)



Solvent-water-pyridine o] tHgh A E-AH|2] oo =13 97

% o-xylene, monochlorobenzene, n-butyl acetate’}

EulA) solutropy #Ate] dojube] deisol Hujws}
2w ¥l§AH 3e)7} Z anilinee| pyridine 3%4] %

T S-S st
APPENDIX

(a) UNIQUAC model

G = Gf(combinatorial) + G (residual) (2)

o Z 0;
—=ZX;In—+—2q; X, In——ZqX, T
R ZXiln x T2 %’.q X, In ry Zlin ln(g.ﬁ,r,)

(3
(b) modified UNIQUAC model

Gt o 2 6; ,
RT —?X, lnYiJr 5 );q, X lna ?q,’X, ln(}ZG,t,;)
(4)
d>,=r,-X,-/E(r,X,) (5)
9.:in,/JZ(qu,) (6)
=g/ X,/;(q,’ X)) (7
v, =Exp[ —(U; — Ui )/RT] (8)
(¢) mixing Gibbs free energy
_Aiu = iﬁ — AG‘d (9)
RT RT RT
o714
A sXinX (10)
RT 7
NOMENCLATURE

AGY, AG“ Gf:mixing, ideal and excess Gibbs free
energy, respectively [cal/g-mole]

n : number of experimental tie line data
q; : area parameter of pure component i
q. : modified area parameter of pure component

1
T, : volume parameter of pure component i
R : gas constant [cal/g-mole]
T : absolute temperature [K]
U;  : UNIQUAC, modified UNIQUAC binary inter-

Xz

X

action parameter [cal/g-mole]

: mole fraction of component i in the liquid
phase

: tie line mole fraction of component j in k
phase

X% (1): the i-th experimental tie line mole fraction of

component j in k phase

X%(i) : the i-th calculated tie line mole fraction of com-

Z

ponent j in k phase
: lattice coordination number(set equal to 10)

Greek Letters

: volume fraction

: area fraction

: modified area fraction

: UNIQUAC, modified UNIQUAC binary intera-
ction parameter
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