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Abstract— The new calculation method, for the determination of binary vapor-liquid equilibrium(VLE) by HSA, is
suggested in this work. It makes experiment more rapid and precise than ordinary HSA method, since it did not need
calibration curve. Several binary VLE data were determined with this method and these data showed good agreement
with the literature data at the same condition. Therefore the new calculation method discussed in this work could be
used as a simple and accurate method for a measurement of isothermal VLE data.
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Fig. 1. Flow diagram for the calculation of liquid
& vapor equilibrium concentration.
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Table 1. Chemicals used in experiment

Chemical Wt% by GLC Supplier

Acetonitrile 99.9% Riedel de Haen
Benzene 99.8% Riedel de Haen
Ethanol 99.9% Merck

n.Heptane 99.8% Riedel de Haen
Methylacetate 99.8% Riedel de Haen
Oxazole 99.9% Riedel de Haen
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Table 2. Analysis conditions of each binary mix-

Table 3. Antoine constants for each chemicals

ture (basis: mbar)
System Condition System Stationary Chemical A B C
temp. phase

Acetonitrile (CaH3N) 7464763 1482.290 250.523
Ethanol- Isothermal 30°C  Porapak Q 1.0m Benzene (CgHg) 7.004775 1196.760 219.161
n.heptane Ethanol (C,H;OH)* 8.237105 1592.861 226.181
Acetonitrile- Isothermal 50°C  Porapak N 1.5m Methanol (CH3OH) 8.205873 1582.271 239.726
water Methylacetate (C3HgQ,)  7.190145 1157.630 219.726
Methanol-water Isothermal 50°C Porapak Q 1.0m n. Heptane (C;H ¢)* 7.018765 1264.370 216.610
Oxazole- Isothermal 50°C  Porapak N 1.om Oxazole (C3H3NO) 7.114959 1173.613 216.119
acetonitrile Water (H30) 8.217504 1743.837 234.631
Oxazole-water  Isothermal 50°C Porapak N [.Om .
Methylacetate- [sothermal 60°C Porapak Q 1.0m Literlature value
benzene

terg AHg-3hsdct.
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Table 4. Comparison of the VLE data with the calculated value of the system Ethanol-n.Hepthane

Ap Ay ap

Margules 2.6153 2.0718

Van Laar 2.7339 2.0514

Wilson 2316.8963 422.9376

NRTL 1101.3813 1534.9774 0.4634

EXP. data Margules Van Laar Wilson NRTL

X Y, Y, AY Y, AY Y, AY Y, AY
.10 .5060 .5238 .0178 5338 0278 .5169 .0109 5310 L0250
.20 .5358 .5801 .0443 5784 0426 5330 .0028 .5362 0004
.30 .5455 5774 .0319 5700 0245 5386 .0069 .5347 .0108
40 5513 .5588 0075 .5497 0014 5430 .0083 .5393 0120
50 .5568 5391 0177 5313 .0255 .5480 .0088 .5485 0083
.60 .5638 5274 0364 5226 0412 .5554 .0084 5604 0034
.70 5752 .5329 0423 5318 0434 5679 0073 5750 .0002
.80 5978 5704 0274 5726 .0252 .5929 .0049 5973 .0005
90 .6585 6770 .0185 6810 0225 .6584 .0001 6550 .0035
95 7417 7895 .0478 7929 0512 7452 .0035 7387 .0030
Mean deviation .0292 .0305 0062 .0067
Max. deviation 0478 0512 0109 .0250
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Table 5. Comparison of the VLE data with the calculated value of the system Acetonitrile-Water

Ap Agy ay,
Margules 2.3250 1.7460
Van Laar 2.3864 1.7693
Wilson 609.3806 1507.4655
NRTL 776.4673 1199.9010 0.4424
EXP. data Margules Van Laar Wilson NRTIL
X] Y] Yl AY Yl a4Y Yl AY Y] AY
0087 .2080 1911 0169 1999 .0081 2504 0424 2278 0198
.0269 4244 4013 0231 4123 0121 4582 .0338 4417 0173
L0568 .5687 5521 .0166 5597 L0090 5765 0078 5744 057
.1556 6822 6879 .0057 6874 .0052 6700 0122 6783 L0039
2749 7021 7126 .0105 .7090 .0069 6963 L0058 6991 0030
4449 7119 7072 0047 7049 0070 7137 0018 7094 0025
6610 7303 7173 0130 7188 0115 7393 L0090 7338 0035
8095 7726 7733 .0007 7747 .0021 7786 0060 7777 051
9309 8746 8852 .0106 8845 0099 8652 L0094 8711 0035
9578 9144 9239 0095 9230 0086 9036 0108 9099 L0045
Mean deviation 0111 .0080 0139 L0069
Max. deviation 0231 0121 0424 0198
ztzte]  EgAlgel ‘H3P°4 7t~ 2 ubE e Hof 1.0
g8 A& 72 AR 25 d™de HE] s
AE5le], 1 72 Fig 1—4 flow diagramol| e} 7] 08k .
48 datad A4bshs Yrol "ok /9
¥
4. Az gl px 0.6 2 A __a—%
E“'l’ = é‘ _ é/u o—85—§ f
S
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el RS fls, o] u ‘ﬂii*ﬂ 2 24EA e
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ol 2dE U avezs Bys Eols 02f O : Cale by Wikon eqn.
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- . ition with the value of Ronc & Rateliff
95 2 ubyo HSAW o2 =43 7 post
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Table 6. Comparison of the VLE data with the calculated value of the system Methanol-Water

Apz Az ay;
Margules 0.6506 0.5204
Van Laar 0.6528 0.5284
Wilson -164.9777 590.1947
NRTL -17.4597 437.0782 0.3006
EXP. data Margules Van Laar Wilson NRTL
X3 Y, Y, AY Y, 4aY Y, a4y Y, AY
.0033 .0283 0277 .0006 0277 .0006 0278 .0005 0277 .0006
.0066 .0551 0537 .0014 L0538 .0013 0541 .0010 0538 0013
0111 .0889 L0870 .0019 0871 .0018 0874 0015 0871 .0018
.0225 1645 1610 .0035 1612 .0033 1616 0029 1612 0033
.0343 2296 2253 0043 2254 0042 2258 0038 2255 0041
0464 .2863 2812 0051 2812 0051 2815 .0048 2813 L0050
0717 3804 .3740 .0064 3739 .0065 3739 0065 3739 .0065
1579 .5668 5610 .0058 .5604 0064 .5598 .0070 .5605 .0063
1907 .6097 6051 0046 .6046 .0051 .6038 .0059 .6046 0051
2259 .6464 6437 .0027 6432 .0032 6424 .0040 6432 0032
2637 6786 6780 .0006 6775 0011 6768 .0018 6775 0011
2837 6934 6938 .0004 6935 .0001 6927 0007 6934 0000
.3260 7211 7235 .0024 7233 .0022 7227 .0016 7232 .0021
3485 7342 7376 .0034 7374 0032 7369 .0027 7374 0032
3964 7595 7645 .0050 7645 .0050 7642 .0047 .7645 L0050
4484 7842 7903 0061 7905 .0063 7903 0061 .7904 0062
.5053 .8093 8157 .0064 8160 0067 8160 0067 8160 0067
5677 8357 .8413 .0056 8416 .0059 8417 .0060 8416 .0059
6365 .8638 8676 .0038 8680 0042 8682 .0044 .8680 .0042
7127 8941 8957 0016 .8959 .0018 8962 .0021 8959 .0018
7976 9268 9244 .0024 9246 .0022 9247 .0021 9246 .0022
.8437 9440 9428 .0012 9428 .0012 9430 0010 9428 .0012
.8927 9619 9605 0014 9605 0014 9605 .0014 9605 0014
9447 9805 9795 .0010 9794 .0011 9795 .0010 9794 0011
.9664 .9882 9875 .0007 9874 .0008 9875 .0007 9875 .0007
.9830 9940 9937 .0003 .9936 0004 9936 .0004 .9936 0004
Mean deviation .0030 0031 .0031 .0031
Max. deviation .0064 0067 .0070 .0067

Table 7. Comparison of the VLE data with the

Ap Ay ap
Wilson -302.5830 599.3940
NRTL 542.4240 -240.9960 0.294
_EXP.data gy AY  NRTL O AY
Xy Y,
0208 0363 0384 .0021 .0400 .0037
0631  .1054 111 .0057 .1150 0096

1279 2014 2105 0091 2161 .0147
3093 4228 4322 .0094 4359 0131

calculated value of the system Oxazole- Acetonitrile

4790 5858 5904 0046 5895  .0037
6601 7326 7308 0017 7266 L0059
8251 .8582 .8512 0070 8477 0105

9112 .9259 9188 0071 9171 0088
9701 9744 9708 0036 9703 0041
9820 9845 9821 0024 9819  .00Z26

Mean deviation 0053 0077
Max. deviation 0094 0147

HWAHAK KONGHAK Vol. 28, No. 4, August, 1990
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Table 8. Comparison of the VLE data with the
calculated value of the system Oxazole-

water
Ap Ay ap
Wilson 491.769 1110.987
NRTL 82.046 1254 .985 0.291
JEXP.data_ wison  AY  NRTL  AY
X Y
0072 2270 2298 0028 1847 0423
0224 4417 4400 0017 3919 0498
0477 5708 5700 0008 5438 0270
1331 6732 6827 0095 6883 0151
2400 7104 7216 0112 7294 0190
4002 7506 7553 0047 7549 .0043
6186 8078  .8055 0023 8011 0067
7794 8660  .8607 0053 8609 L0051
9179 9381 9348 0033 9385 .0004
9496 9596 9575 0121 9607 0011
Mean deviation 0054 0171
Max. deviation 0121 .0498

o] BA

1.0

0.8

0.6

0.4

0.2

0.0

Fig. 3.

O : Exp. data
O : Calc. by NRTL eqn.
A Cale. by Wilson eqn.

Lo

0.2 0.4 0.6 0.8
Xy

Comparison of the experimental VLE com-

position with the value of Wilson & Patel

for the system Acetonitrile-Water at 50°C.

4.0 1.0

Table 9. Comparison of the VLE data with the calculated value of the system Methylacetate-Benzene

Agz Ay aj,

Margules 0.3064 0.6261

Van Laar 0.3541 0.6736

Wilson -106.7273 583.8663

NRTL 828.5082 -336.0688 0.3096

EXP. data Margules Van Laar Wilson NRTL
X, Y, Y, AY Y, AY Y, AY Y, AY

0071 {0209 .0205 0004 0215 .0006 0236 .0027 0212 0032
.0118 0344 .0338 0006 .0353 .0009 .0386 0042 0349 .0005
.0235 .0668 0659 .0009 .0683 .0015 0744 .0076 0677 .0009
0471 1263 1264 .0001 .1298 .0035 .1400 .0137 .1289 .0026
.0708 1797 1821 .0024 .1855 .0058 1982 .0185 .1845 .0048
.1184 2720 2804 .0084 2824 0104 2969 .0249 2817 .0097
.1664 .3493 .3640 .0147 .3639 .0146 3779 .0286 .3637 0144
.2147 4156 4353 0197 4334 0178 4455 .0299 4338 0182
2390 4455 4672 0217 4646 0191 4755 .0300 4651 0196
.3614 5715 .5964 .0249 5925 0210 5966 0251 5936 0221
.4358 6342 .6562 .0220 .6533 .0191 6535 .0193 6543 0201
.5108 .6907 7072 .0165 7058 .0151 7029 .0122 7064 0157
.5864 7429 7522 .0093 7524 .0095 7472 0043 7525 .0096
6627 .7921 7936 .0015 7951 .0030 7886 .0035 .7948 .0027
.7395 .8396 .8339 .0057 .8359 .0037 8291 0105 .8353 .0043
7911 .8709 8615 .0094 .8631 .0078 .8568 0141 .8626 .0083
.8429 9023 .8905 .0118 8915 .0108 .8861 .0162 .8911 0112
.8950 9342 9223 .0119 9222 0120 9184 0158 9222 .0120
9212 .9502 .9396 .0106 9391 0111 9361 .0141 9392 0110

SistEet Mi2BH 4= 19901 83
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9474 9666 9581 .0085 9574 .0092 9554 0112 9576 .0090
.9842 .9898 9867 .0031 9862 .0036 9856 0041 .9863 .0035
9949 .9966 9956 .0010 9954 .0012 9952 .0014 .9955 .0011
Mean deviation 0093 0092 0142 L0091
Max. deviation 0249 0210 .0300 0221
1.0 1.0
/"'/
AT o n/
0.8F ot 0.8 e
./. [ ]
o o
o o
o /

061 ',' 0.6

™

0.4

/
P J: Exp. Data
0.2 _',' O: Cale. by Margules eqn.
I' & Cale. by Wilson eqn.
4
0.0 L L \ ]
0.0 0.2 04 0.6 0.8 1.0

Xi

Fig. 4. Comparison of the experimental VLE com-
position with the value of Glashan & Wil-
liamson for the system Methanol -Water at

50°C.

1.0

0.8F

0.6

—

0.4F
O : Exp. Data

0.2 O : Calc. by Wilson egn.
A Cale. by NRTL eqn.

0.0 1 i 1

0.0 0.2 0.4 0.6 0.8 1.0
X,

Fig. 5. Comparison of the experimental VLE com-
position with the value of Park & Rhee for
the system ()xazole-Acetonitrile at 50°C.

Y,
H\bu T

0.4

. O : Exp. Data
Dz O : Calc. by Wilson egn.
A : Calc. by NRTL egn.

0.0 ) 1 1 )
0.0 0.2 0.4 0.6 0.8 1.0

Xy

Fig. 6. Comparison of the experimental VLE com-
position with the value of Park & Rhee for
the system Oxazole-Water at 50°C.

1.0
0.8
0.6
—
04
A/
/
0 : Exp. Data
0.2 O: Calc. by Van Laar eqn.
A Calc. by Wilson eqn.
0.0 1 1 '
0.0 0.2 04 0.6 0.8 1.0
Xy

Fig. 7. Comparison of the experimental VLE com-
position with the value of Schmidt for the
system Methylacetate-Benzene at 60°C.

HWAHAK KONGHAK Vol. 28, No. 4, August, 1990



394

Fig. 2-72 Interpolation®] o5 sl 2 244 ¥A19)
7MY 2 A4S BAIG HAoR, 7} systemel] W3}e],
A e} A 7P A ool 7P & 2 AE AR
datag 77k %07, “A”Z ZAEIc)

gt# Redlich & Kister #[21] o &gt gt
A2 A Al A= 25 1% Wele exg & dX

oz, HSAZH ZAsta £ we] upe} 53 s A,

714599 datas) Abel Haksl FARIHSE US
stel k.
5.4 &
HSA ol ot Askste] 2437 7|4 254
44 o% AR FdAATE B Hust
of, F12AE P 24¥A0l FEAA 2Azke) FlAHY

24¢ vl Ausksion, 2 A% 1% Wl He
oAz AAFE HAahodeh aebd, & AT A
A% HSAS 7158 Squpde Aste) 2427
AP EEYe 9 A% PN Aze gef oy

glog AAE 4 ek
NOMENCLATURE

A, B, C : constants of the Antoine equation

A; : peak area of chromatogram for compo-
nent i in solution

Af : peak area of chromatogram for pure com-
ponent i

Ay, A, : parameter used in Margules, Van Laar,
NRTL, Wilson equation

B, B, B; : second virial coefficient

C, : calibration constant

D; : density of component i

f! : liquid phase fugacity

f . vapor phase fugacity

Gf . molar excess Gibbs energy

M; : molecular weight of component i

P : total pressure

P; : vapor pressure of component i

p? : vapor pressure of pure component i

R . universal gas constant

T : absolute temperature

\Z : molar volume of pure liquid component i

X : liquid phase mole fraction of component i

Y, : vapor phase mole fraction of component i

Greek Letters

2

i : nonrandomness parameter in the NRTL

sistmst

o=

X283 X4 19901 83

apaAl -

o)1 A

11

12.

14.
15.
16.
17.
18.

19.
20.

21.

. Park, 8.J.,

equation
: activity coefficient of component i
: fugacity coefficient of component i
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