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Abstract — Binary isothermal vapor-liquid equilibrium(VLE) data were measured for water+n-methylformamide(NMF),
benzene+NMF and toluene+NMF systems by using headspace gas chromatography(HSGC) at 353.15K. Additionally,
the ternary liquid-liquid Equilibrium(LLE) data were determined by measuring of tie-line for the systems of NMF+ben-
zene+n-heptane and NMF+toluene+n-heptane at 298.15 K. The measured isothermal binary VLE data have no azeo-
tropes and were correlated well with gf model equations of Margules, van Laar, Wilson, NRTL and UNIQUAC. The
experimental ternary tie line data were also correlated well with NRTL and UNIQUAC models. Besides their accuracy
was analyzed by Hirata-Fujita and Maior-Swenson equations.
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Table 1. Physical properties of pure components
. . . Boiling point” Density (at 25°C) G.C Analysis
Ch 1 Suppl Molecul ht?
ermicas HppHer olecularwelg (°O) Present study Lit. value” (Wt%)
water D.S.p 18.02 100.00 0.9971 0.9970 no impurity
n-heptane Junsei 114.10 98.00 0.6837 0.6840 no impurity
NMF Aldrich 59.07 199.51 0.9986 0.9988 99%+
benzene Junsei 78.12 80.10 0.8736 0.8737 no impurity
toluene Junsei 92.14 110.70 0.8619 0.8623 no impurity

a: Data from Dortmund Data Bank(DDB, version 1998)
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Table 2. VLE data for water(1)+NMF(2), benzene(1)+NMF(2) and
toluene(1)+ NMF(2) systems at 353.15K

P/kPa X M 1 2
Water(1)+NMF(2)

1.6382 0.0230 0.3494 0.5335 1.0018

2.2447 0.0579 0.5389 0.4482 1.0087

3.1342 0.1034 0.6855 0.4452 1.0091

3.8763 0.1517 0.7571 0.4148 1.0188

5.7197 0.1994 0.8523 0.5242 0.9686

7.6697 0.3005 0.9012 0.4930 0.9944
12.2368 0.4009 0.9536 0.6239 0.8705
14.4526 0.4487 0.9655 0.6666 0.8302
16.2816 0.5006 0.9728 0.6783 0.8149
21.0000 0.5498 0.9842 0.8058 0.6748
19.0658 0.6011 0.9800 0.6663 0.8795
21.6855 0.6508 0.9861 0.7044 0.7911

Benzene(1)+NMF(2)
14.1082 0.0203 0.9232 6.3509 1.0017
23.6554 0.0400 0.9550 5.5878 1.0054
32.6666 0.0590 0.9680 5.3030 1.0080
43.0178 0.0973 0.9762 4.2731 1.0267
59.9724 0.1482 0.9837 3.9409 1.0378
65.3613 0.1972 0.9853 3.2338 1.0818
74.7952 0.2460 0.9877 2.9724 1.1073
81.9773 0.2962 0.9891 2.7099 1.1452
86.8155 0.3960 0.9899 2.1483 1.3137
89.0153 0.4460 0.9904 1.9569 1.4015
87.0355 0.5481 0.9897 1.5559 1.8028
87.7728 0.5977 0.9899 1.4390 2.0014
94.1323 0.6975 0.9920 1.3254 2.2434
92.5457 0.7468 0.9915 1.2163 2.8247
92.0191 0.7982 0.9913 1.1313 3.5875
95.0109 0.8484 0.9928 1.1005 4.1171
924711 0.9003 0.9910 1.0075 7.5997
95.0162 0.9362 0.9938 0.9986 8.3125
97.0800 0.9594 0.9962 0.9979 8.2712
Toluene(1)+NMF(2)

6.7554 0.0378 0.8437 3.8771 0.9943
10.8164 0.0565 0.9050 4.4642 0.9870
14.6148 0.0925 0.9314 3.7906 1.0012
18.8278 0.1345 0.9486 3.4190 1.0132
25.6966 0.1792 0.9645 3.5608 1.0059
27.8710 0.2219 0.9680 3.1311 1.0391
31.6974 0.2644 0.9730 3.0033 1.0528
34.6212 03111 0.9762 2.7973 1.0828
36.5557 0.3968 0.9779 2.3198 1.2151
37.4876 0.4417 0.9789 2.1392 1.2851
36.6037 0.5344 0.9773 1.7236 1.6140
36.9090 0.5815 0.9778 1.5981 1.7749
39.6941 0.6768 0.9825 1.4838 1.9473
38.9981 0.7282 0.9812 1.3531 24374
38.7901 0.7789 0.9809 1.2579 3.0319
40.0687 0.8319 0.9840 1.2204 3.4469
39.0661 0.8867 0.9801 1.1119 6.2010
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Fig. 1. VLE for water(1)+NMF(2), benzene(1)+NMF(2) and toluene(1)+NMF(2) systems at 353.15 K.
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Table 3. g model parameters and mean deviations between calculated
and experimental vapor-phase mole fraction(Ay;)" for three
binary systems at 353.15 K

Model eq. A Ay o Ay,
Water(1)+NMF(2)
Margules —0.7792 —-1.5971 0.0105
van Laar —0.9382 —-1.7955 0.0176
Wilson -36.9217  —495.4246 0.0108
NRTL 953.3856 —1258.2328  0.3000 0.0110
UNIQUAC —56.5235  —603.8670 0.0107
Benzene(1)+NMF(2)
Margules 1.7344 2.2941 0.0016
van Laar 1.7613 2.3358 0.0014
Wilson 486.6533  1751.7634 0.0011
NRTL 1261.7312 5272739  0.2955 0.0012
UNIQUAC 686.0808 38.2989 0.0012
Toluene(1)+NMF(2)
Margules 1.2814 2.7656 0.0040
van Laar 1.4524 3.1363 0.0030
Wilson 53.9012  27408.1949 0.0037
NRTL 2093.4166 172.0716  0.2964 0.0030
UNIQUAC 1397.7635  -277.6223 0.0029

a: Ay,=Yew._Yeal. N: number of data point
N

Table 4. Measured ternary LLE data for NMF(1)+benzene(2)+n-
heptane(3) and NMF(1)+toluene(2)+n-heptane(3) systems at

298.15 K
NMEF(1)+benzene(2)+n-heptane(3)
NMEF rich phase n-heptane rich phase
31 Xy X3 X1 X X3
0.9344 0.0529 0.0127 0.0000 0.1598 0.8402
0.8721 0.1084 0.0195 0.0000 0.3066 0.6934
0.8182 0.1622 0.0196 0.0009 0.4279 0.5712
0.7795 0.2062 0.0143 0.0192 0.5289 0.4519
0.7173 0.2646 0.0181 0.0180 0.6386 0.3434
0.6156 0.3561 0.0283 0.0397 0.7233 0.2370
0.4447 0.5141 0.0412 0.0577 0.7881 0.1542
NMEF(1)+toluene(2)+n-heptane(3)
NMEF rich phase n-heptane rich phase
X1 Xy X3 X1 X X3
0.9551 0.0428 0.0021 0.0000 0.1551 0.8449
0.9210 0.0768 0.0022 0.0000 0.2966 0.7034
0.8745 0.1138 0.0117 0.0000 0.4271 0.5729
0.8304 0.1512 0.0184 0.0026 0.5442 0.4532
0.8004 0.1832 0.0164 0.0175 0.6390 0.3435
0.7721 0.2130 0.0149 0.0405 0.7114 0.2481
0.6780 0.3133 0.0087 0.0465 0.8753 0.0782
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Fig. 2. LLE for NMF(1)+benzene(2)+n-heptane(3) system at 298.15 K.
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Fig. 3. LLE for NMF(1)+toluene(2)+n-heptane(3) system at 298.15 K.
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Table S. Fitted binary parameters of the NRTL equation for ternary
liquid-liquid equilibria

System (gregd)R  (gg)/R o RMSD
NMF(1)t+benzene(2)+n-heptane(3)

(1)+HQ2) —-193.00 821.24 0.2

2)+3) 435.24 -516.09 0.2 0.0101

(H+(3) 626.11 1779.70 0.2
NMEF(1)+toluene(2)+n-heptane(3)

(HH?2) -22.67 951.63 0.2

2)+(3) —252.29 362.52 0.2 0.0050

(D+?3) 975.21 1632.80 0.2

Table 6. Fitted binary parameters of the UNIQUAC equation for
ternary liquid-liquid equilibria

System (uu)/R (uu)/R RMSD
NMF(1)tbenzene(2)+n-heptane(3)
(H2) ~119.36 416.41
2)+3) 22332 214.72 0.0086
(D)+(3) 1.26 1105.20
NME(1)+toluene(2)+n-heptane(3)
()+Q2) ~83.84 526.96
) ~129.29 197.47 0.0052
(1+3) 73.59 907.60
Arkgks v, 242 oA 2 Adaale o gsto] At &
S S8 veha G, H3el % P2t ey
Wg=o] o3t Alakgte] Hl 1.01% oo Az & A8l 3l
e RIS ¢ QlTh Agke] Aol sl H7gE NRTLA 7

UNIQUAC?] mi7isi4=
of] Z¥zt A3
s, of-off 33 A3 dlolE]e] A2k 1517] flato] A2
o] #Hlgg 49 13 42 YERYS Bachman-Brown?,
Hand?), Ishida2], Othmer-Tobias2], Hirata-Fujita] 2! Maior-Swenson?]
ol 817 ®kom, 171 Avl Ay dojel el AT aks
Table 701 YERAITE FollA) rgke ZXA 24, NMF(1 y+benzene(2)

HaAsHol| &Jgh BRAFE Table 59} 6

3}o]

“!—J—E = 1=

Table 7. Consistency of tie line data for NMF containing ternary systems

at 298.15 K
. NMF(1)+benzene(2)+ NMEF(1)+toluene(2)+
Fquation n-heptane(3) n-heptane(3)
Bachman-Brown =-0.0399 =-0.2442
B=4.8258 B=23.1932
r=0.9565 r=0.7495
Hand A=0.2138 A=0.0335
B=0.0083 B=0.1124
r=0.9852 r=0.8617
Ishida A=0.7658 A=0.8340
B=0.1515 B=0.2278
=0.9726 =0.9896
Othmer-Tobias A=0.8082 A=0.5613
=-0.5764 B=-0.8234
r=0.9868 r=0.9504
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Fig. 4. Hirata-Fujita correlation for NMF(1)+benzene(2)+n-heptane(3)
and NMF(1)+toluene(2)+n-heptane(3) systems at 298.15 K.
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