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Abstract—The enthalpies of mixing for the binary systems of acetone-ethanol, acetone-water and ethanol-
water and for the corresponding ternary liquid system of acetone-ethanol-water were measured at 298.2 K.
The ternary enthalpies of mixing were estimated from the results of three binary systems by the Wilson
equation and the NRTL equation, and the predicted values were found to be in a good agreement with

the experimental data.
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Fig. 1. Measured and calculated excess enthalpy, Hf for
acetone(1)-ethanol(2) binary system at 298.2 K.
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Fig. 2. Measured and calculated excess enthalpy, HE for
acetone(1)-water(2) binary system at 298.2 K.
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Fig. 3. Measured and calculated excess enthalpy, H for
ethanol(1)-water(2) binary system at 298.2 K.
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acetone(1)-ethanol(2)-water(3) ternary system at
298.2 K.
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Table 1. The experimental and calculated values of enthalpies of mixing for the binary systems

SR

RESE

A

HE(cal/g-mole)

System X H I _ Hu
o i Eq. (10) AAD Eq. (17) AAD
acetone(1) 0.1942 175.3 1722 173.0
- 0.3255 240.2 240.2 240.1
ethanol(2) 0.3700 2549 254.7 254.3
Temp.=298.2 K 0.4310 266.0 267.7 266.9
0.4917 269.5 2727 1.49 2717 1.25
0.5738 263.9 267.0 265.8
0.6509 2476 2484 247.3
0.7243 220.0 2184 217.6
0.7693 195.0 194.6 194.0
0.8701 125.1 124.3 1243
acetone(1) 0.0562 —100.1 —105.8 -96.3
- 0.1193 —148.7 —1474 — 1479
water(2) 0.1350 —155.3 —1512 —154.2
Temp.=298.2 K 0.2251 —152.0 —145.7 —157.6
0.3943 - 86.8 —80.3 4.29 —88.6 3.65
0.5560 -11.2 —-49 —57
0.6761 374 410 40.8
0.7800 60.6 63.9 60.9
0.8954 554 57.1 50.7
0.9472 409 36.8 314
ethanol (1) 0.0499 ~105.0 ~1118 -84.1 -
-- 0.0835 —146.9 —148.0 —1239
water(2) 0.1224 —176.0 -170.1 —156.8
Temp.=2982 K 0.1450 —185.2 —176.8 —170.5
0.1848 —1874 -181.6 531 —186.7 1441
0.2710 —-169.3 —174.1 —195.6
0.4137 —136.6 —1404 —164.3
0.5751 --88.8 —96.1 —102.0
0.7246 - 60.1 —578 —45.2
0.8663 -~32.7 —25.8 —~76
Table 2. The experimental and calculated values of enthalpies of mixing for the ternary systems
L HE (cal/g-mole)
System Xy X, Heie o
Hoo Eq. (13) ADD Eq. (18) ADD
acetone(1) 0.5000 0.0000 —334 —303 —33.1
- 04216 0.1568 542 52.8 55.1
ethanol(2) 0.3965 0.2070 738 71.6 5.54 76.8 8.71
- 0.3438 0.3124 104.1 100.3 112.0
water(3) 0.2835 0.4330 124.0 117.0 1354
0.2101 0.5798 126.7 1164 1395
Temp.=2982 K 0.1672 0.6656 113.6 106.0 1294
0.1440 0.7120 104.0 975 120.1
0.1033 0.7934 83.3 777 97.2
0.0564 0.8872 55.1 472 60.1

sjapast x30 MSS 199244 108
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Table 3. The calculated values of In y and G¢ for the bi-
nary systems at 298.2°C

GE
System Xy In v, In v, (cal/g-mol)
acetone(1)  0.1942 04349 00361 67.2
-ethanol(2) 0.3255 02772  0.0910 89.7
03700  0.2347 0.1136 93.8
04310 01841 0.1474 96.6
04917 01415 0.1838 9.5
0.5738  0.0948 0.2369 92.0
0.6509  0.0610  0.2903 835
0.7248 00364 0.3442 71.7
0.7693 00250 03779 63.0
0.8701  0.0076 04570 39.0
acetone(2) 0.0562 21282 0.0181 80.9
-water(2)  0.1193 16612  0.0619 149.7
0.1350 15710  0.0750 164.1
02251 11642 0.1631 230.1
0.3943 06684 0.3822 293.2
05560 03568 0.6632 291.9
06761 01930 09261 255.0
0.7800 00913 1.1985 1984
0.8954 00215 15602 108.1
09472 00056 1.7468 57.7
ethanol(1) 0.0499 09516 0.0126 352
-water(2)  0.0835 07217 0.0288 51.3
0.1244 05335  0.0502 64.7
0.1450 04505 0.0629 705
0.1848 0.3375 0.0851 780
02710 01849 0.1292 854
04137 00693 0.1871 819
05751 00210 0.2325 65.6
0.7246 00054 0.2604 447
0.8663  0.0008 0.2775 223
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Fig. 5. Graphical integration for consistancy test of the
acetone(l)-ethanol(2) system at 298.2 K.
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Table 4. The Wilson parameter and A’;

System Ap Ay ApX10® Ay X108

acetone(1) 048698 089984 060739 50939
-ethanol(2)

acetone(1)  0.13156 033065 —25051 24887
-water(2)

ethanol(1) 0.11776 169021 —25744 26411
-water(2)

f; In(y1/y2)dx=0
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Table 5. The NRTL parameters of Eq. (17)
System a T12 21 T2 X 102 T’ X 10% G'pX10®  G'yx10®
acetone(1)-ethanol(2) 0.65617 0.13589 0.66251 —0.56528 —0.17383 3.39277 0.73849
acetone(1)-water(2) 0.45651 1.19670 1.95510 —0.47199 1.41410 1.24774 —2.64431
ethanol(1)-water(2) 0.78120 0.76579 0.94915 —0.19388 1.19570 0.83269 —4.45005
ol AEA miNHTE Tehe FAHAN A 2719 A P : pressure [mmHg]
BFE wE Aolgtn Ao AMEA EgAg Q : function defined by Eq. (2) [-]
F42 2 B9 Wilson Alol) &%k 7o) NRTLAG) &}t R : gas constant [cal/g-mole K]
X} AgA ol 7h73l3 0] 712 NRTL 2olA o)A T : temperature [K]
EA wj7iH$5S F& o ethanol-waterd oA <.x}7} X : mole fraction of liquid solution [-]
ol Bstm Eielwslst okdaslA A4bsElggcoh ; :non randomness factor of the molecule i, j
£y A SYALIE FEs) Fageen (-]
Wilson Aol 23 vple] 0] £2 A vl ¢l e}, Y : molecular activity coefficient [-]
NRTL 48] o| 437 shpdss¢ vk gapy 3¢ M parameters in EBq. (3)
4 olohd NRTLA) )%t AMd¥A egalgsae 2 Ay 10A/T
e hae e golas W omsms n By @ [
5 4 = S}
L j : molecule species i, j
298.2 Kol| 2 o] AME-AH|al acetone-ethanol, acetone- k 1, m : group species k, |, m
water, “12}3L ethanol-water#|oll g &gl exptl. :experimental values
WE Ao Yall dslen, o oA e & cale.  :calculation values
S =4S, ) 2Hfolu] 2l el Wilson] st NRTLA]o o
g WA S A4 el T o2dd o) 3 n Ay
FAE ERQg 9 4P A7e] AAD+= Wilson=g <l
7% 14953103, NRTLRd el A% 125-14410)¢ 1. Rhim, J.N. and Kim, K. C.: Hwahak Konghak, 5,
o 333(1977).
=R A EA Q) acetone-ethanol-water o] &t & 2. Hong, S.Y.: Thesis M. S.; Dep’t Chem. Eng., Han-
AL E 2082 Kol 4 FH kT, ol JEAAA A yang Univ., (1979).
AR w4 o) £-5ke] Wilsons! % NRTLAlo 2 3. Redlich, O., Derr, E. L. and Pieotti, G.J.:J Amer.
YH PR EPAYAE Faskach & @704 Chem. Soc, 81, 2283(1959).
A 554017 NRTL 22 87124 F2 X% 2 5. Redli.ch, O an;l Kister, A. T J. Chem. Phys, 15,
A, WilsonAel 23t wpio] ti$ $& A5 714 849(1947).
skt 6. Harris, H. G. and Prausnitz, J. M.: Ind. Eng. Chem.
Fundam., 1, 20(1962).
AR & 7. Wilson, G.M. and Deal, C. H.: Ind. Eng. Chem. Fun-
dam., 1, 20(1962).
Gf : excess Gibbs free enegy [cal/g-mole] 8. Deal, G. M. and Derr, E. L.: Ind. Eng. Symposium
G; : constants in Eq. (8) [-] Series, 32, 2(1969).
G'; :0G,/0T [K!] 9. Tochigi, K. and Kojima, K.:J Chem. Eng. Japan,
(gi—g:) : interaction energy [cal/g-mole] 9, 267(1976).
HE : enthalpy of mixing(excess enthalpy) [cal/g- 10. Kojima, K. and Tochigi, K.: “Prediction of Vapor-
mol] Liquid Equilibria by the ASOG Method”, Kodan-
n : number of data points [-] sha, Ltd., Tokyo, p.15(1979).
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