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50°C A-25}oll oxazole-acetonitrile, oxazole-water, acetonitrile-water”|2] 7]83g A&-S head

space gas chromatography (H.S.G.C.)ol| ¢3 static method® F3sigicl, 7 2484 £3E5

acetonitrile-waterl= #A4Ev| AL 7Ixv, 2 99 EdEolAs Folde] wAR R ¢igtel,

2 AFeldes 714 E dofet Aol dlolx AHEE algorithme /Hslel FeHel head space

analysisoll Al S5l 2 A43A1S deksto 2 A8S A48 £38 4 giglend, o] algorithmol 2%
7103y dlolele 7| #EE acetonitrile-waterAl S T&# A9} vlmgte g 2 AL EuE 4 9l
R, 7+ 7lAHY dlolels ddd oz w AxFle] A4l HuAHx #qld £ 9l

wepa] B olollA] fHbEl head space analysisel|l whE Z|eH#E A4l algorithm¥} oxazole
-acetonitrile, oxazole-water 7|03 ¥ djojels Hejxze 93} 7| = dlolelz AX)3l},

Abstract—Isothermal vapor-liquid equilibria have been determined for oxazole-acetonitrile, oxazole-water, ace-
tonitrile-water at 50°C using head space gas chromatography (H.S.G.C) as static method. The algorithm of computation

is newly made and used in this study. This makes experiment more simply and rapidly.

The system acetonitrile-water forms a minimum b.p azeotrope, while the other two systems did not have the azeo-
trope. To testify the new algorithm, which used in this study we compared the VLE data of system acetonitrile-water

with the literature data, and the thermodynamic consistency test was also carried out.

The result of both attempt were very good. Therefore new data of the vapor-liquid equilibria for the system oxazole-
acetonitrile, oxazole-water are reliable, and also with sufficient reliability the new computation algorithm in this study

is suggestible.
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Fig. 1. Schematic diagram of head-space ana-
lysis.
A; Injection needle B; Rubber septum with
Aluminium cap C; Vapor phase D; Sample
mixture E; Glass vial F; Thermostat
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Table 1. The condition of the head space analysis.

Gé.c parameter Temp.(°C) Heae Space  Time
parameter

oven temp. 170 injection time 2 sec.

Injection port 200 analysis time 7 min.

temp.

detector temp. 210 after run 1 min.

needle temp. 200
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3 2417k o] & 7|t} glass vial HollA] 32kx 74
o NAZE M2 HE G o) FA o, HYol £y 7]
42 electro-pneumatic sampling systemell 2|3}

2Fg A ste] G, Coll o8l F-Asiodrt,

4, Ho o DA

41, Bl 5
o 71458 dlolel A4S 917 Antoine A=
Lo}

oxazole?] 7% recirculating stillZ ARE3}e] <F
-20'C~60C Afololl4] dynamic methodel ule} &%
g Z7igteg e, A (11)9 Antoine equationoll
of#l Al4rsld e, acetonitrile?t water®] Antoine
Az FAelel TRAE AREslaH19],

log p=A-B/(t+Q) . 11
Table 20l 7+ A¥9 Antoine 4435 w4ty
o},

Table 2. Antoine constants of each chemicals.
(P: mbar)

Chemicals A B C

Oxazole (C;H3NO)  7.114959 1173.613 216.119
Acetonitrile (Co;H3N)  7.464763 1482.290 250.523
Water (H,0) 8.196213 1730.630 233.426

4-2. Head Space Analysis®l 2|3
-Acetonitrile, Oxazole-Water,
HEAL| 7|

Head space analysisell 23} 7]42i3] =2 3l
o], mx F45 head space analyzer+ meth-
anol-waterAloll tsled ANAAQL Al A +0.5
% oo 2at2 Jx3hg dalsiglen, H.S.G.C
off oal HEw 7 ARe] zEmiegsior e 2
Aol A WA glo] rlolale] Hal = 1) 7ol
%y dlo]elE Fig, 29 algorithmoll wet A4kslad
o},

Table 3, 4, 50l &
-water, acetonitrile-waterdle] 71453 =4 o]
e}l Margules, Van Laar, Wilson, NRTL A2l
fitted parameters XA)8l%ch, Parameter®] ¥3|

+ non-linear least square g AR5l A (12)
o] 53 gho} QA ste] 53519

0. F=[(AGE/RT)4.’XD. -

Oxazole
Acetonitrile-Water 2

rir 41)4

oxazole-acetonitrile, oxazole

(AG*/RT)cae. ] 12

E AR o]F mllo] o] AAH 4k & 2
5 vasl] FHFAdE A FAlstged ol
Wilson, NRTLA]Jell41¢] parameter A= t©23
Zc,

Wilson : A,,= (Ao — A} in cal/mole
NRTL : Ay = (gs— gus) in cal/mole

Table 3. The experimental data and fitted parameters for the system oxazole-acetonitrile at 50°C.

Constant Al2 A21 al2 Mean deviationin Y
Margules 0.1626 0.2886 0.0004
NRTL 141.1898 -94.2636 0.300 0.0087
Van Laar 0.1753 0.3049 0.0002
Wilson -437.7246 669.5750 0.0002
Experimental data

X, Y, 7 Y2 P(mbar) AGE(cal/mole’K)
0.02088 0.03623 1.18514 1.00060 346.165 2.31
0.06317 0.10531 1.17406 1.00046 356.932 6.79
0.12799 0.20164 1.15893 1.00183 373.830 13.14
0.30936 0.42430 1.11935 1.01195 413.628 27.66
0.47907 0.58688 1.07763 1.03370 445.833 35.38
0.66011 0.73408 1.04005 1.08842 474.001 35.14
0.82514 0.85784 1.01267 1.17797 493.678 25.06
0.91130 0.92446 1.00330 1.25289 501.251 14.77
0.97014 0.97358 1.00037 1.31197 505.213 5.43
0.98205 0.98399 1.00013 1.32430 505.887 3.32
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T-ble 4. The :xperimental data and fitted parameters for the system oxazole-water at 50°C.

Constant Al2 A21 al2 Mean deviationin Y
Margules 1.9811 1.1087 0.0244
NRTL 84.8904 1231.8859 0.300 0.0193
Van Laar 2.1426 1.1751 0.0146
Wilson -248.3516 1843.7889 0.0018

Experimental data

X, Y, 18 12] P(mbar) AGE(cal/mole “K)
0.00718 0.23442 10.29110 1.00106 159.791 11.42
0.02243 0.44595 8.54877 1.00368 217.921 33.21
0.04769 0.57664 6.42896 1.01410 274.229 65.55
0.13307 0.67243 3.48872 1.07440 349.906 146.71
0.23995 0.70968 2.23283 1.18768 382.620 207.70
0.40023 0.74995 1.53750 1.40891 415.859 242,57
0.61863 0.80718 1.16890 1.86549 454.037 214.68
0.77940 0.86555 1.05153 2.37681 479.893 147.78
0.91791 0.93854 1.00874 3.04212 500.010 63.77
0.94959 0.95862 1.00182 3.35506 502.957 40.29

Table 5. The experimental data and fitted parameters for the system acetonitrile-water at 50°C.

Constant Al2 A2l al2 Mean Deviationin Y
Margules 2.3002 1.8326 0.0115
NRTL 767.2103 1092.2656 0.40 0.0055
Van Laar 2.3319 1.8462 0.0093
Wilson -69.4165 2148.5023 0.0129

Experimental data

X, Y, 71 Y P(mbar) AGE(cal/mole “K)
0.00865 0.20412 10.62321 1.00018 153.324 13.24
0.02687 0.42538 9.70082 1.00184 208.783 40.36
0.05677 0.57130 8.07671 1.00999 273.454 82.17
0.15563 0.679838 4.50228 1.08184 351.146 193.00
0.27489 0.70169 2.76507 1.23388 369.075 277.37
0.44493 0.71177 1.76278 1.58428 375.443 ‘ 325.95
0.66099 0.73060 1.23646 2.46135 381.147 286.15
0.80956 0.77039 1.06261 3.72767 380.460 192.46
0.93089 0.87757 1.01154 5.26303 365.589 80.55
0.95780 0.91364 1.00420 5.96500 358.686 50.97

w7l F B8 Hidis AYS Yoo Yoo 2 7Ix|=2, oxazole-acetonitrilele] Z3Eo]
o A A, ol Al Leollol] 7h7le Alolals AL olZ=a & 9},

Table 39 oxazole-acetonitrile” 2] 7|4%& = Fig. 32 o] 2889 7|43y =4 $3o'c}, 7|
ole}E- & uj, Aldd tﬂ"lﬂ%‘ [ = 7] Ay she] £ 82 of EghEo] & wlojAdS Hepa
247k Hale 25 1% o vHE 28 Aol & Hgo] 2, Z 3o]E Heolrl otom oxazole?] AAEA
517, 53| Van Laar 43 Wilson4lell olai =& ¥ (X,)o] 1ol 7P7e Hxolai lelale] B Hgo] 7}
piil iPi Rolx glek, w BEE-ol wlolAde] Hry ofxj g Anfals flslME ok 5o =7 el
= BEcA49 79l Gibbs free energys #HE &l & Lot ok, AAe AL} 7p A Hgw

3tsras MHI25T M5 19874 10
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Fig. 2. Flow diagram for the calculation of li-

quid & vapor phase mole fraction.
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Fig. 3. X,Y diagram for the system oxazole-ace-

tonitrile at 50°C,
A : Experimental Data
— : Calculated by Wilson
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Fig. 4. Activity coefficient in system oxazole-
acetonitrile at 50°C.
+,4: Experimental Data
—: Calculated by Wilson

a5 22l Wilson4lell ofaf 253} oo},
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g A2 5eAgol ulel Fig, 59 ¥9b #qts
Aoz = #4149 Raoult’s Lawell4] 27 slefuix] ¢}
& 20 & 9le,

g3 oxazole-acetonitrile#|e] 7] N% ¥ wo)el=
Redlich-Kister2] 2ol o]dh dodel= Az 4|
A, W4 x4 vlazd D=0,81%% et
ol F& dojeld dx4E Mole gl B algorith-
mel] whE A4k Hat4g wolFo),

Table 4= oxazole-water7loll =3t 50°C A-23}o)
A2] 7|08 dleoletoc}, 7 o]E42] parameterol
ofsl] Al ZlAEY 245 Agiete] HFHas
Wilson A& A9slis 2 AlellA 2% oxazole 27)
At E & (0-0,1)ef4 Z HAE Bodon), o o
FoME 1% =luke] 225 ®ich o]He oxazole
3 waters] vlmH F uw|AA=2 Qlaf, 27| HAk

o wt 2 L2 dr
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27] wlFel Ho g gAe -’F 9l
Ozxazole-water#| 9] 7[H3 ¥ é_!?{i tlolele} 7t 2]

ofAe] FlAkzAl Hfale Table 49} 7ro} Margules,
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A : Total Pressure
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— : Calculated by Wilson
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Fig. 8. Pressure diagram in system oxazole-
water at 50°C.
A : Total Pressure
+: Partial pressure of Oxazole
x : Partial Pressure of Water
— 1 Calculated by Wilson
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Fig. 9. X-Y diagram of system acetonitrile-
water at 50°C.
A Experimental Data
O : Data by Wilson & Van ness
—: Calculated by NRTL
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A s ok 0, 4004 A E smats]e] Al s F
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Fig. 10. Activity coefficient in system acetoni-
trile-water at 50°C.
+,4: Experimental Data
—: Calculated by NRTL
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Fig. 11. Pressure diagram in system acetonitrile-
water at 50°C.

: Experimental total pressure.

: Total pressure by Wilson & Van ness.

: Partial pressure of Acetonitrile.

: Partial pressure of Water.

: Calculated by NRTL.
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NOMENCLATURE

AB,C : Constants of the Antoine equation

A, Peak area of chromatogram for component i
in solution

A? . Peak area of chromatogram for pure compo-
nent i

A; . Parameter used in Margules, Van Laar,
NRTL, Wilson equation

o : Caliblation constant

D - Deviation of area in thermodynamic Consis-
tency test
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Head Space Analysisoll 2)3F Oxazole- Acetonitrile, Oxazole-Water, Acetonitrile-Water#] 9] VLEo| @3t o 3

. Excess Gibbs free energy (cal / mole®K)

: Interaction parameter in the NRTL equation

: Total pressure

. Partial pressure of component i

. Vapor pressure

: Vapor pressure of component i

: Vapor pressure of pure component i

: Gas constant

: Absolute temperature (°K)

: Temperature (°C)

. Liquid phase mole fraction of component i

: Vapor phase mole fraction of component i

: Nonrandomness parameter in the NRTL
equation

. Activity coefficient of component i in the li-
quid phase

: Interaction parameter in the Wilson equa-
tion
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