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Abstract—The experimental binodal curves and tie lines were determined for solvent-NaCl salt solution-
pyridine systems at 25T, and those tie line data were used to test thermodynamic consistency. The NaCl
salt solutions were prepared with aqueous solution of 5%, 10% and 15% NaCl salts respectively. The experi-
mental tie line data were correlated with the NRTL model, and the parameters and the calculated values
of tie line were predicted. The effect of salt addition on liquid-liquid equilibria was also studied along with
the increment of salt concentration.

1. M £

[1-6]7} Ag=le] o, ol2dt A7 F AHH 74

g3yl Felx2e dhazt ke JAETEE
24% ool TR AATTEEA 259 FF7L o
wab ohe} #Huxst 7o e HEoR Ho
e ASE Yrh ol Al A 4oE sk
uEs) o2 geez wid £3Ee 29 £
dem, oleid FelTAe AYslr] A 4EE
wlojete} 4 A R Ak s FR3ivk a2
oleldt B o2 Aholut Astol A WA H e
EFEo dste] AL L LAY hdeke AT

622

Hol EiHaui(mixed solvent)-dAe] AFH¥e] o3
Rae AL TP JAELEY 357, A9 F2(ig-
uid-liquid extraction), % 3) 2 &-of o 2 Heje) J A}
e gz ate] AMZ F4sich o)y RE ALl
gle]A] WA EgHE o] EAstd A AFYPA A
tjet Ak v nE oL TP AAEFE] 99
s g vepfiel & 4 sle Ede] 283
ek 2 o)9) e & T’ AAERESY 1
A2 7l.o Fyjo) s B AF[7-1117} o] Fof
Hor) of-of Py njHe JEIE FF dTAES]



Sof-E-meldAle] H3 AMdEA L] - Pyl AEH 623

AFA2{12-14]5k] LR v} 9le] ofF] wnIFt A
Aoz - Py GH Aol iy Ado)ele
A A2} o] o]&A A7l 8=k

me}a] B o FellAe AH[15]e] A wEH 25T so-
Ivent-water-pyridine ) o} 5 §-7]<3 ¢l NaCl-& 5%, 10%,
15%2) 8- o 2 | 3} solvent-NaCl salt solution-
pyridine#] o] g -of H¥ dio|elE ez F5
5 7ol dp 2 A-o H3o] AFS v, 233}l
ol AHR o] AYdlolelE o)EA 2R A3}y 9]
ste] g8 TR 4HEAY oo HYPYLS SEE F

Aol e A8l AHolA 9& AskH 48 2§
3t o2 3AEAIY A-o F¥o] ke 7}A3l
#e) & ApfellA] 222 vellle NRTL16] =
Aol 45ARAA 2 He] seirlHE FAka,
Addlolelel f3-she AE Faldler =3 o
H7}ol| w2 Eol = F AAbete 3A3EA 2] of-of FHo
W3 JET AAME AR

2.4 #
25C A A F7)d(NaCl)-& 5%, 10%, 15% X3 35}ed

Table 1. Experimental binodal curve date for solvent(1)-NaCl salt solution(2)-pyridine(3) systems at 25°C(wt%)

(1) aniline-NaCl salt solution-pyridine

(2) ethyl acetate-NaCl salt solution-pyridine

Salt conc.  Aniline Water Pyridine NaCl Salt conc. Ethyl acetate Water  Pyridine NaCl
5% 96.23 3.58 0.00 0.19 5% 96.35 3.83 0.00 0.18
88.10 3.70 8.00 0.20 82.32 4.59 12.85 0.24

73.60 381 2239 0.20 75.09 484 19.81 026

66.01 4.00 29.78 0.21 61.87 5.82 32.00 031

5143 5.86 4240 0.31 47.79 8.74 43.01 0.46

35.98 940 54.12 0.50 36.91 10.36 52.18 0.55

14.61 3362 50.00 1.77 30.83 12.69 55.81 0.67

11.77 42.84 43.13 2.26 23.81 32.96 41.50 1.73

6.81 61.55 2840 3.24 18.69 51.96 26.61 2.74

4.84 79.96 10.99 421 13.56 67.63 15.25 3.56

3.83 89.27 222 4.70 8.60 82.27 4.80 4.33

354 91.64 0.00 482 6.85 8849 0.00 4.66

10% 97.61 2.15 0.00 0.24 10% 96.97 273 0.00 0.30
84.24 2.87 12.57 0.32 8441 3.69 1149 041

74.51 3.32 21.80 0.37 7140 4.50 23.60 0.50

63.58 4.20 31.75 047 62.94 5.38 31.08 0.60

48.76 6.23 44.32 0.69 46.29 8.82 4391 0.98

29.79 11.08 57.90 123 39.08 11.26 48.81 1.25

5.90 51.74 36.61 5.75 25.11 13.95 59.39 1.55

4.99 57.16 31.50 6.35 11.30 4949 3371 5.50

4,01 67.76 20.70 7.53 871 65.34 18.69 7.26

340 74.34 14.00 8.26 7.25 74.13 10.38 824

2.95 85.23 2.35 947 6.25 81.68 299 9.08

2.86 8743 0.00 9.71 591 84.68 0.00 941

15% 98.77 1.03 0.00 0.18 15% 97.82 1.85 0.00 0.33
84.04 2.52 12.99 0.45 88.75 271 8.06 048

75.13 3.03 21.30 0.54 72.59 4.25 2241 0.75

58.32 483 35.80 0.85 63.12 5.33 30.61 0.94

38.81 803 51.74 142 54.65 6.80 37.35 1.20

3246 9.69 56.14 171 38.30 10.70 49.11 1.89

2.00 54.65 33.70 9.65 20.79 16.83 5941 297

2.20 63.05 23.62 11.13 3.89 53.43 33.25 943

211 69.75 15.83 12.31 497 63.94 19.81 11.28

1.90 76.68 7.89 13.53 4.73 73.61 8.67 12.99

147 82.38 161 14.54 4.55 78.23 342 13.80

135 83.85 0.00 14.80 432 81.33 0.00 14.35
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Table i. Continued
(3) n-buty} acetate-NaCl salt solution-pyridine

Salt conc. n-butyl acetate Water Pyridine NaCl
5% 100.00 0.00 - 0.00
92,92 0.85 6.19 0.04

85.59 1.23 13.11 0.07

78.96 1.89 19.05 0.10

60.31 3.79 35.70 0.20

49.35 593 4441 0.31

3941 8.53 51.61 045

17.80 25.75 55.09 1.36

12.69 39.62 45.60 2.09

5.39 61.46 2991 3.24

123 86.73 7.48 4.56

0.18 93.97 0.90 495

10% 100.00 0.00 - 0.00
92.03 0.78 7.10 0.09

84.55 1.12 14.21 0.12

71.27 2.08 26.42 0.23

63.78 2.80 33.11 0.31

47.70 6.12 4550 0.68

2927 1146 58.00 127

3.10 59.31 31.00 6.59

1.88 72.28 17.81 8.03

1.18 80.10 9.82 8.90

0.72 86.39 3.29 9.60

041 88.98 0.72 9.89

15% 100.00 0.00 - 0.00
89.50 1.61 8.60 0.29

7491 3.65 20.80 0.64

66.99 4.93 27.21 0.87

59.89 ~ 5.96 33.10 1.05

44.73 8.83 44.88 1.56

31.74 12.33 53.75 2.18

143 63.87 2343 11.27

124 7042 1591 1243

0.87 76.19 949 1345

0.27 81.97 330 1446

0.15 83.30 1.85 14.70
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Table 2. Experimental tie line data for solvent(1)-NaCl salt solution(2)-pyridine(3) systems at 25°C(mole%)

Salt-free basis
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Solvent

Salt conc.

Solvent layer

Water layer

X] 1 XZI Xiil X12 XQZ XBZ

aniline 5% 0.6152 0.1646 0.2202 0.0097 0.9697 0.0206
0.5422 0.1699 0.2879 0.0113 0.9588 0.0299

0.4649 0.1980 0.3371 0.0122 0.9456 0.0422

0.3423 0.2595 0.3982 0.0151 0.9169 0.0681

0.2426 0.3279 0.4295 0.0230 0.8666 0.1104

10% 0.6349 0.1463 0.2188 0.0072 0.9763 0.0165
0.5183 0.1771 0.3046 0.0078 0.9641 0.0281

0.3981 0.2252 0.3767 0.0087 0.9463 0.0450

0.2882 0.2952 0.4166 0.0110 0.9192 0.0698

0.1919 0.3691 0.4390 0.0148 0.8754 0.1098

15% 0.6483 0.1354 0.2163 0.0047 0.9726 0.0277
05734 0.1550 0.2716 0.0050 0.9634 0.0316

0.4302 0.2113 0.3585 0.0057 0.9381 0.0562

03371 0.2544 0.4085 0.0061 0.9158 0.0781

0.2184 0.3371 0.4445 0.0061 0.8714 0.1225

ethyl acetate 5% 0.6912 0.1886 0.1202 0.0206 0.9666 0.0128
0.6533 0.1935 0.1532 0.0222 0.9618 0.0160

0.6212 0.1962 0.1826 0.0244 0.9541 0.0215

0.5945 0.1993 0.2062 0.0252 0.9506 0.0242

0.5627 0.2080 0.2293 0.0287 0.9398 0.0315

10% 0.6630 0.1612 0.1758 0.0163 0.9694 0.0143
0.5964 0.1840 0.2196 0.0176 0.9626 0.0198

0.5080 0.2126 0.2794 0.0190 0.9507 0.0303

0.3601 0.2955 0.3444 0.0229 0.9250 0.0521

0.2662 0.3634 0.3704 0.0284 0.8928 0.0788

15% 0.5600 0.1938 0.2462 0.0123 0.9680 0.0197
0.3747 0.2840 0.3413 0.0136 0.9438 0.0426

0.2635 0.3602 0.3763 0.0146 0.9205 0.0649

0.1651 0.4432 0.3917 0.0130 0.8879 (0.0991

0.0749 0.5471 0.3780 0.0105 0.8291 0.1604

n-butyl acetate 5% 1.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.9196 0.0353 0.0451 0.0003 0.9975 0.0022

0.8047 0.0654 0.1299 0.0008 0.9911 0.0081

0.6627 0.1024 0.2349 0.0021 0.9787 0.0192

0.4848 0.1530 0.3622 0.0070 0.9287 0.0643

10% 1.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.8560 0.0470 0.0970 0.0009 0.9953 0.0038

0.7507 0.0640 0.1853 0.0013 0.9910 0.0086

0.6642 0.0974 0.2384 0.0014 0.9857 0.0129

0.5321 0.1236 0.3443 0.0020 0.9743 0.0237

15% 1.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.8924 0.0485 0.0591 0.0001 0.9972 0.0027

0.6208 0.1664 0.2128 0.0006 0.9884 0.0110

0.4827 0.2293 0.2880 0.0012 0.9792 0.0196

0.2994 0.3177 0.3829 0.0022 0.9556 0.0422
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Fig. 1. Ishida correlation for solvent(1)-NaCl salt solution
(2)-pyridine(3) systems at 25°C.
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Table 3. Ishida correlation of equilibrium data for solvent-
NaCl salt solution-pyridine systems at 25°C

Salt conc.  Aniline Ethyl acetate n-butyl acetate
5% M=10.3078 0.3338 04221
N=0.0217 0.2040 —0.0033
r= 0.9970 0.9760 0.9965
10% 0.2346 0.2899 0.3263
—0.1754 0.1337 —0.1646
0.9818 0.9287 0.9897
15% 0.1844 0.0649 0.4673
—0.6131 —0.4013 0.0274
0.9369 0.9858 0.9944

Solvent(aniline, ethyl acetate, n-butyl acetate)-wa-
ter-pyridine®] 7+ Aol 4 NaCl& 5%, 10%, 15% 7}
3l Fig. 3-5¢) X+ ule} 7o) NaClg-& #7}3tel| ot
3= FAde] Fristadod, o] 10%, 15%Y 75 ¢4
£l water-pyridineo] ¥ EAZ =] AAA

o] oA, type II(F-F A7 F 7 S8 A) 9
A-d HyYoF Fua AAH T LujFZo]
B-o]3}A| o] F A 4 gigich =3 solvent-water pyri-
dineA ol 4 NaCl®d-S 10%, 15% H7}sldS of Eol
A& v sl A 435 S FA(EEEAT 7D
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Table 4. NRTL model parameter for solvent(1)-NaCl salt solution(2)-pyridine(3) systems at 25°C

Solvent Salt £u g2 g3 £12 13 g23 [v37) 13 Qa3 RMSD
aniline 5% 1000.00 1027.34 1484.16 349563 820.59 1709.61 0.3587 09334 0.0010 0.5644
10% 1000.00 2233.51 457.51 711263 106.80 1842.00 0.2426 0.0010 00179 09203
15% 1000.00 2259.27 191.83 6696.85 274.85 1734.81 0.2357 0.0010 0.0332 0.6351
ethyl acetate 5% 1000.00 101528 1215.79 3494.64 91932 1629.38 0.3811 04161 00202 1.1458
10% 1000.00 222275 419.14 714101 349.16 1836.58 02461 0.0010 0.0010 1.1511
15% 1000.00 2239.81 60824 752001 50.00 1902.87 0.2318 0.0010 0.1912 1.0890
n-butyl acetate 5% 1000.00 1727.53 2139.11 319828 20049 1744.18 0.2584 0.1799 0.0010 0.8187
10% 1000.00 2138.74 360.51 7000.85 299.75 1893.71 0.2149 08752 0.0241 05272
15% 1000.00 2461.63 88.64 754854 24442 194798 02169 0.0010 0.1912 04182

Constraint: 50<g<9999, 0.001<0<0.999
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Table 5. Experimental tie line data ford for solvent(1)-NaCl salt solution(2)-pyridine(3) systems at 25°C(mole %)
Salt-free basis

Solvent layer Water layer
Solvent Salt conc.
Xll X21 X31 X12 XZZ X3Z
aniline 5% 0.6129 0.1431 0.2440 0.0105 0.9667 0.0228
0.5448 0.1816 0.2736 0.0113 0.9558 0.0299
0.4681 0.2240 0.3079 0.0125 0.9471 0.0404
0.3475 0.2839 0.3686 0.0161 0.9137 0.0702
0.2527 0.3266 0.4207 0.0218 0.8621 0.1161
10% 0.6266 0.1257 0.2477 0.0000 0.9872 0.0128
0.5155 0.1873 0.2972 0.0001 0.9777 0.0222
0.3965 0.2464 0.3571 0.0002 0.9585 0.0413
0.2909 0.3011 0.4080 0.0008 0.9277 0.0715
0.1988 0.3620 0.4392 0.0029 0.8801 0.1170
15% 0.6373 0.1013 0.2614 0.0001 0.9757 0.0242
0.5670 0.1397 0.2933 0.0001 0.9697 0.0302
0.4263 0.2162 0.3575 0.0004 0.9487 0.0509
0.3348 0.2662 0.3990 0.0007 0.9254 0.0739
0.2181 0.3395 0.4424 0.0024 0.8758 0.1218
ethy! acetate 5% 0.6857 0.1768 0.1375 0.0128 0.9682 0.0190
0.6565 0.1995 0.1440 0.0130 0.9667 0.0203
0.6091 0.2213 0.1696 0.0141 0.9600 0.0259
0.5895 0.2182 0.1923 0.0151 0.9535 0.0314
0.5668 0.2226 0.2106 0.0161 0.9474 0.0365
10% 0.6497 0.1414 0.2089 0.0000 0.9860 0.0140
0.5944 0.1827 0.2229 0.0000 0.9844 0.0156
0.5113 0.2338 0.2548 0.0001 09771 0.0228
0.3586 03121 0.3293 0.0005 0.9502 0.0493
0.2631 0.3646 0.3723 0.0014 0.9191 0.0795
15% 0.5570 0.1949 0.2481 0.0000 0.9880 0.0120
0.3711 0.3001 0.3288 0.0001 0.9661 0.0338
0.2623 0.3669 0.3708 0.0004 0.9375 0.0621
0.1969 04413 0.3891 0.0014 0.8950 0.1036
0.0887 0.5411 0.3702 0.0059 0.8240 0.1701
n-butyl acetate 5% 0.9753 0.0247 0.0000 0.0079 0.9921 0.0000
0.9193 0.0334 0.0473 0.0076 0.9900 0.0024
0.8063 0.0510 0.1427 0.0069 0.9856 0.0075
0.6699 0.0808 0.2493 0.0067 0.9703 0.0230
0.5020 0.1382 0.3578 0.0090 0.9197 0.0713
10% 1.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.8606 0.0069 0.1325 0.0000 0.9970 0.0030
0.7496 0.0299 0.2205 0.0000 0.9918 0.0082
0.6586 0.0646 0.2768 0.0001 0.9865 0.0134
0.5337 0.1325 0.3338 0.0002 09772 0.0226
15% 1.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.8933 0.0071 0.0996 0.0000 0.9944 0.0056
0.6114 0.1416 0.2470 0.0000 0.9871 0.0129
0.4809 0.2239 0.2952 0.0000 0.9805 0.0195
0.3018 0.3287 0.3695 0.0001 0.9583 0.0416
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Fig. 2. Comparison of experimental data and values cal-
culated by NRTL model for aniline(1)-5% NaCl
salt solution(2)-pyridine(3) system at 25°C.
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Fig. 3. Salt effect on binodal curve of aniline(1)-water(2)-
pyridine(3) system at 25°C.
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Fig. 4. Salt effect on binodal curve of ethyl acetate(l)-wa-
ter(2)-pyridine(3) system at 25°C.
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Fig. 5. Salt effect on binodal curve n-butyl acetate(1)-wa-
ter(3)-pyridine(3) system at 25°C.
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Fig. 8. Salt effect on distribution of pyridine between n-
butyl acetate and water layer at 25°C.
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n : number of experimental tie line data

g : NRTL binary interaction parameter [cal/g-
mol]

X :mole fraction of component i in the liquid
phase

X : mole fraction of component j in k phase

X#?(i) :the i-th experimental tie line of component
j in k phase

Xis(i) :the i-th calculated tie line of component j in
k phase

Jgjoja 2%t
aji : nonrandomness parameter in NRTL eq.
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