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Determination of NRTL Parameters Using a Simple and Automatic Apparatus
for Measuring Vapor-Liquid Equilibria

F H B - A B 2 -8 A X FE
Takashi AOI - Katsumi TOCHIGI - Hidemasa TURUTA

VOH AR BT FUS AL (T101-8308  WURUERT-RHIR AEIBRITE 1-8

e-mail: tochigi®@chem.cst.nihon-u.ac.jp)

?REEAT L IVE T (T 174-0072  WUSUERARAMG X i 8 1-9-14)

P BTE - BBRAEH =TT X IR

i, MM THOHBWICEERRTERHIMETEL2EARNARET 7. FHRTHERLAEZBLE
WT, BIETICBITA2HAT— L0 Ty P77 EMENRTLN T A= EWELL, 25 /- +5k,
FTrbr+AkBEUKR+1-78 /- LHORBEFHUEI LD, RELABRBOFHAGERLL.
Key words : Measurement, Vapor Pressure, Vapor-Liquid Equilibria, NRTL Equation

2005 48 A 10 HH#

#

AL LRI BWTEAC L 208 - MiRERE
$TAHEE, 2RO MOSKE T T — 7 IZ AN
BF—sLid, Z0H, TNETIIHELD
QBRI OVWTHIA DFRETRBRTEHTF— 5D
WEMITHN TS, L2L, ZOHIEIZBNT
ERICHEE L UK R L ERRECHEY
A7:9121X(Hala et al., 1967), BEfliz 947 d
B L EROWRMEE, BICHBEHRVEMNYEY
5708, —HOILFERHA—FT =TT b A—
H—HOMREREICBVWTRBEE L HET LI L
BES TRV, —F, LEMIZIZEHRARETF
HHNEEBOERHM»EL TN T % (Rarey and
Gmehling, 1993, Schlowsky et al., 1995).

A ciifiin, RETH»OBBHIZESD
101.3kPa LA F @ IE DI 3BT 5 5E E K T 15 A3l
ETEHEBOBRYBME LT, EHP)-RE
(T)-WHEAR(r)ORMEMEL DT > b7 gL
NRTL&pD/s5 A — ¥ 2 RE L, KiKEH%

%536 % 1 5 (2006)

il

ROZMBH BB PFHEBNEERLREL, 2
¥/ —=N+K, TEbrr+K, k+1-7% -
FROSHFRMEIZL Y, BRLAEBOSHY
FHERR L 7=,

R R

1. 1 KERESE

FHRTHAEL B AN EEBOBR % Fig.
VIR, RREBIEIRAM - Mk SHER, £
HHE, BLUWNET— 5 28BF+2700ay
Ea— 96K ERTHS, ##eLcit, @
SBOMEAN ZLEE L%\ PTX #(Kojima
and Kato, 1969, Tochigi and Kojima, 1977)
TRATS. ONEEOHMEELEL+2HE
T HEMEY 5. ONEH OB TR A5 +0.2K/20
PTEHREL T2, @FMicHTe s dEN
DRET 7 ARMEFERTS. QVROY TN
THEATEER L2, NBRT7 5 2305 %
ELTH(MEBICLERERITY 100 THB).

FRES A7 L ORI, MABSHERT S

53 (53)



(1~@3) : TIC
(for heating)

(20)

Water (B)

(4) : Data acquisition
(5),(6) : Thermo meter
(7)~(12) : Thermo meter
(13) : Condenser

(14) : Flask

(15) : Heater

(16) : Stirrer

(17) : Valve

(18) : Buffer tank

(19) : Vacuum pump
(20) : Water bath

(21) : PC

(22) : PI
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Sample(A)
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Fig.1 A schematic diagram of simple and automatic apparatus for measuring vapor-liquid equilibria.
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* Valves (1) to (4) are controled using
P-control.
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PID-control.
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Fig.2 Pressure-Control System
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Table1 Experimental vapor pressures at reduced pressures
PlkPa) | TIK) PkPa) | TI[K] PlkPa] | T[K]
Methanol Acetone 1-Butanol
26.62 307.21 26.66 29474 26.58 357.43
39.87 315.86 39.88 304.39 40.06 366.81
53.18 32228 53.48 311.92 53.31 373.71
66.46 327.40 66.51 317.70 66.63 379.46
79.81 331.78 79.73 32265 79.74 384.18
93.01 335.56 93.38 327.15 93.15 388.38
101.48 337.74 101.06 32943 100.98 390.57
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Fig.3 Experimental bubble points for methanol(1) +
water(2) system, — : NRTL eq.
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Experimental bubble points for acetone(1) +

water(2) system, — : NRTL eq.
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Fig.5 Experimental bubble points for water(1)+
1-buanol(2) system, — : NRTL eq.
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Antoine constants, and comparison of experimental and calculated vapor pressures using

the determined and DECHEMA (Gmehling et al., 1977) constants, respectively

Compound A B C AP* [kPa] | AP** [kPa]
Methanol 7.40344 1691.68 | —24.29 0.048 0.143
Acetone 7.00824 1675.36 5.40 0.034 0.554
1-Butanol 7.29267 1780.82 | —53.84 0.063 0.286

AD
* AP= Z Pep. = Por|/ ND  (using the determined constants)

=

ND
. AP= Zl}’m ~-P,|/ND

=l
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Table3 Experimental NRTL parameters and comparison of calculated and
literatured vapor compositions using NRTL equation (101.3kPa)

System —gn n— .
Y g12—gn ga—gn o |AT|‘ |A,V||" Lit.
()] 2) [J/mol] [J/mel]
Methanol Water —1191.1 3703.8 0.300 0.19 0.004 Verhoye et al, 1973
Acetone Water 12759 4662.2 0.300 0.53 0.008 Kojima et al, 1968
Water 1-Butanol 102354 11341 0.388 0.35 0.017 Boublik, 1960
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X, [mole fraction]

(a) methanol+water

x; [mole fraction]

(b) acetone+water

x; [mole fraction]

{c) water+1-Butanol

Fig.6 Calculated VLE using NRTL equation for the three binary systems (101.3 kPa)
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Nomenclature

A B C =Antoine constants given by
eq.l

92— G2, 9u—g1 =NRTL Parameters

P =total pressure

T =absolute temperature

z. =mole fraction of component i
in liquid phase

Y =mole fraction of component i
in vapor phase

Greeks

third NRTL parameter

Literature cited

Boublik, T. ; “The Liquid-Vapor Equilibrium.XX. The
Determination of the Vapor-Liquid Equilibrium in Sys-
tems with Limited Miscibility in the Liquid Phase”,
Collection of Czeck. Chem. Commun., 25, 285-287 (1960)

57 (57)



Gmehling J.. U. Onken and W. Arlt ; Vapor-Liquid Equi-
librium Data Collection”, DECHEMA, Frankfurt (1977)
Hala, E.. J. Pick, V. Fried and 0. Vilim ; “Vapor-Liquid

Equilibrium, 2nd edition”, Pergamon Press, London

(1967)
Kojima, K.. K. Tochigi, H. Seki and K. Watase ; “Deter-
mination of Vapor-Liquid Equilibria from Boiling
Point Curve”, Kagaku Kogaku, 32, 149-153 (1968)

K. and M. Kato “Measurements of Isobaric

Kojima,
at High and Low Pressures”, Kagaku

Boiling ‘Points
Kogaku, 33. 769-775 (1969)
D.W. : “An Algorithm for Least-Squares

Marquardt.
r Parameters”, J. Soc. Ind. Appl.

Estimation of Nonlinea
Math., 11, 431 (1963)

Rarey, J. and J.
Differential Static Apparatus for the Measurement of

Gmehling : “Computer-Operated

Vapor-Liquid Equilibrium Data”, Fluid Phase Equilibria
83, 279-287 (1993) ‘
Renon, H. and J.M. Prausnitz : “Local Compositions in
Thermodynamic Excess Functions for Liquid MIxtures”
AIChE J., 14, 135-144 (1968) |
Schlowsky, G., A. Erickson and T. Schafer . “Generating
Yo.ur: Own VLE Data", Chem. Eng., (3), 139-142 (1995)
To;:.lili'teKb::: K.f Kojiwa ; “Activity Coefficients at
o on or“Bmary Systems Containing an
- (1977n)g ubstance”, J. Chem. Eng. Japan, 10, 343-
Verhoeye, L. and H. De Schepper :
Equilibriums of the Binary, Ternary, and Quaternary
Systems Formed by Acetone, Methanol, 2-Propanol, a;1d

Water” ~
ater”, J. Applied Chem. & Bio., 23(8), 607-619 (1973)

“Vapor-Liquid

Takashi AOI"* - Katsumi TOCHIGI' and Hidemasa TURUTA?
' Department of Materials and Applied Chemistry, Nihon University, Tokyo 101-8308
? Turuta Office, Tokyo 174-0072 " ’ -

3 Present: JGC Corporation, Engineering Division

In order to develop the equipment for measuring vapor-liquid equilibria at reduced press
ures

with simple,

rapid and automatic points of view, the simple and automatic VLE-equipment ha
- S

been made for obtaining VLE from Antoine constants and NRTL parameters luated b
rs evaluate y

bubble points.
water, acetone +w
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