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Comparison of the Equation of State for Aqueous Solution of Ammonia

Hisashi SAITOY, Kosei OGUCHI?, Takayuki NAMIKI?

Abstract

The aqueous solution of ammonia is expected to be performed as an important working substance not
only for the absorption refrigerators, but also for the bottoming cycle system of steam power plants,

OTEC plants, and other heat recovering systems.

This paper represents the comparisons of the equation of state for the aqueous solution of ammonia
developed by Tillner-Roth and Friend” with available experimental data on the vapor-liquid-equilibrium
data and PVT properties for the aqueous solution of ammonia.

It was revealed by the comgarison with the available experimental data that the equation of state

developed by Tillner-Roth et al

was correlated with the reliable vapor-liquid-equilibrium data within +

0.04 of molar fraction, and was not so well correlated with the PVT property data near the molar fraction

of 0.1 % ammonia.

It is clear that this equation of state does not express the behavior of the PVT properties for the dilute
aqueous solution of ammonia, of which the density is influenced by the characteristics of the maximum

density of water.
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IHEREHOMOKETRIN TV 5.
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Tillner-Roth 5 "D 7 > € = 7Kid il ORERIE, BE,
EHWBLICBEDLNGEHICOE> TRLT 2 DT,
RICRVWRERTHL L HEZ NS, Lo TEKER
DFHHED Iz, Sk F#iBRE L & PvT EEOENIENE
WERAELUMNELRE. Table 1 ICAIFRTAT L =5HE
®BIRICBE 9 2 EBRWIZEHI 2R L. S h s DEED
25, ShRllRICB 9 2 EANER Fig. 110, Badlissic g
T BEHES Fig. 2R L.

PRI - - EIEILIRIE 196 ~ 618 K, [EH22.7
MPa ¥ COERMMAICAT LTV 5. 1277 L, iR 273.16 K
LUF D% T, Postma?, Perman'™® 2 WFZEEIC L 2 &
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=7 DEEFIBRE (405.40K) D5, KOERFEE (647.096
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DARRMEDVGLEST Z2DHTH 5.

—77, ARG - 12 EEILRE 293 ~ 618 K, JF
73 22.7 MPa L TORMIHIZ /31 LTV 2 R EERGEE 350 ~
450 K ICHE#RINE <AFLE L, IS 510 K D 5 7K D B FIEUE
L TOWERIATE Rizvi 5 ', Gillespie 5 VD 2 TFFER
EDNFEETDOATHL. HIKE RSB &, FAMRICH
T, PrTEZTRIENBEOTULTE < DENBHHRE
SNTVD. —hTT7 U EZ7HFHERBEICE, EHS
MPa LLEDFEWEUL Rizvi S 19, Gillespie 5 "I & 2%
NHE2DHTH 5.

0 0.2 04 0.6 08 1

x [mol/mol]

Fig.1 Experimental Data along Bubble Point Curve
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Fig.2 Expermental Data along Dew Point Curve
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Table 1 Experimental Data for H,0+Nl1, WTIRIRE 373 ~ 498 K, [£77 0.02 ~ 4.8 MPa, #5 25.1 ~
First Year T P X (NH]) Data Ref. 73.9 m()l%@%ﬁ@i:btﬁf 276,@7‘)‘#&%3?1,'(%\5
Author [K] [MPa] [mol/mol]  pls. Ho

(ncertatnty) INB % Fig3 IR LTE.

Vapor-Liquid Equilibrium

Postma 1920  196-480 0.001- 0.127-1 9 4
17.8 4. SHOPRIBIR OKMIE L REBK & DL
Cliford 1933 333-420 0.024- 0-0.259 59 ] ks s
o AT 16 o STRNRO > 5, ARSI = PYT HEEDE

Polak 1975 363-420  0.1-0.45 0.001- 23 6 ME DR HETE Ho = o 5 uy . N -
(0.01) (5 310 ¥ WEDRERD 5 DIREZ Figd, Fig.s BL U Fig6 I,

~14310)  (0.003) B AUIFRICIH - = PVT HEEDOENEDIREX > 5 DIFZE
Pawlikowski 1982 ~ 373-423  0.42-2.44  0.02- 14 7
(0.075)  (0.003) 0,344 % Fig.7, Fig.8 BLU Fig.9 2R L=,
(0.03)
Guillevic 1985 403-503  0.78-7.2  0.076-0.70 39 8 025 ;
(0.02) (0.01) (0.005) 0.2 . fm
Iseli 1985 354-493  3.6-16.1  0.5-0.9 52 9 015 “;4@
Rizvi 1987  306-618  0.05-22.5 0-1 10 ' e
(0.1)  (0.18%)  (0.005) 2 o1 —
313-589  0.007-21 0-1 190
Gillespie 1987  (0.01) (0.3 %)  (0.002) 11
313-589  0.15-22.7 0-1 46

(0.03) (0.3 %) (0.002)
Miller 1988  373-473  0.19-3.12 0.04-0.32 40 12
(0.1) (0.00~0.1)  (0.035)
Inomata 1988 332 0.16-2.1 0.20-0.84 1
(0.1) (0.01) (0.005)
Sassen 1990  289-613  1.3-21.5  0.19-0.8 242 14 Fig.4 Deviations Mole Fraction along Bubble Point Curve
(0.1) (0.01) (0.004)
Smolen 1991 293-413  0.006-3.1 0.05-0.96 200 15
(0.1) (0.014)
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T K]

Harms- 1995 308-498 0.3-17.0 0.1-0.9 39 16
Watzenberg (0.005) (0.05%) (0.003)
Bubble Point Data
Perman 1901  273-335 0.002- 0.003- M 17
0.240 0.360
Pierre 1959 273-513 0.004-4.8 0.05-0.41 173 18
Tsiklis 1965 370-623 0-22 0-1 19

Jennings 1965 297-490  0.05-3.7  0.10-0.79 72 20

Dew Point Data
Macriss 1964 334-390 1.53-3.50  0.966- 16 2l 0.01 0.1 - 10 100
(0.03)  (0.014) 0.996 ol

Fig.5 Deviations of Mole Fraction along Bubble Point Curve
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Fig.8 Deviation Mole Fraction along Dew Point Curve
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Fig.9 Deviation Mole Fraction along Dew Point Curve
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Fig.10  Vapor-Liquid Equilibrium Data around 350 K
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Fig.11  Vapor-Liquid Equilibrium Data around 400 K
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Z OBEFHF TIL Postma?®, Cliford 5 9, Gullevic 5 ¥,
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Fig. 13 Deviation of VLE Pressure from Ideal Mixture
along Dew Point Curve at 400 K
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BBLZTELTNS. 7V EZTDOEISE 0.098 DEH
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