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Abstract: Prediction of activity coefficients at infinite dilution y 1 has been attempted based on a
modified Wilson equation (GC-MW) proposed in this study from knowledges of molecular structures and
pure-component physical properties. Alkane (1) in alkanol or alkanediol (2) solvent and alkanol (1) in
alkane (2) solvent have been studied and it is noted that prediction performances of GC-MW for these
solutes are fairly good and better than those of UNIFAC (Dortmund).
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Figure 1 Infinite dilution activity coefficients for octane (1) +
dodecanol (2) ( O )Exp., ( — ) GC-MW,
(==--")UNIFAC
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Figure 2 Infinite dilution activity coefficients for ethanol (1) +
tetradecane 2) ( O )Exp., ( — ) GC-MW,
(==-")UNIFAC
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Table 1 Physical properties of pure substances

Substance Vs [om® - mol']? s [(J - cm®)*9] @ t[C]  Vo[cm® - mol’]®
Decane 195.8 15.8 174.123° 2294
Tetradecane 260.2 16.2 253.5169 318.2
Hexadecane 2924 16.4 286.7929 362.6
Decanol 188.4 205 231.0469 236.8
Dodecanol 220.6 20.1 264.5729 281.2
Tetradecanol 252.8 19.8 296.2369 325.6
1,2-Ethanediol 58.2 303 197.567° 66.6
1,3-Propanediol 74.3 28.1 214.459 88.8

3 estimated from Fedros .

b estimated from Le Bas 9.

9 cited from Boublic et al. 9.

©1)51

9 cited fromReid et al. 9.

Table 2 Coefficients of Eqg. (7) for solute (1) + solvent (2) binary systems

Binary system Coefficients
b d
Solute (1) + Solvent 2) 2 g N : f
Alkane + Alkanol 1.2087742x10% 23588093 x10° -45751596%10° -15952623x10°  -1.8155535 % 10°
13315126 10°  -15857428 x 10°  -9.3453309% 10°  3.2240479x 10*  -2.0209427 X 10°
i -2.8539595% 102  -4.3429617 %10  8.9687449x 107 95166004 x10°  1.1785572 x 107
Alkane + Alkanediol ’ 3 1 3 1
-2.8001253 x 10 -2.1502224 x 10 8.8024253 x 10 24148758 x 10 1.1565698 % 10
Alkanol + Alkane -1.0014411X10% 94653254 x10° -9.2219961x10% 15956157 %107  4.7066700 X 10
-0.9817404 % 10 -3.6832549x 10°  -9.1137655x 102  -2.3234125x10*  4.7143618 x 10’

Table 3 Prediction performances for alkane (1) + alkanol (2) binary systems @

. Dev. [%]?

Solute (1) + Solvent (2) Temp. [C] N GCMW UNIFAC
Hexane + Decanol 39~80 3 6.1 5.1
Octane + Decanol 80~119 3 55 9.0
Decane + Decanol 80~119 3 125 16.7
Hexane + Dodecanol 40~80 3 27 104
Octane + Dodecanol 80~157 6 16 154
Decane + Dodecanol 80~157 7 53 26.1
Hexane + Tetradecanol 59~80 2 6.6 6.3
Octane + Tetradecanol 80~157 5 13 9.7
Decane + Tetradecanol 80~157 4 4.0 84

Avg. 45 137

3 Infinite activity coefficient data have been cited from Murotomi et al. 2.

N, | 1 cale = 71,
b) Dev %] = @Z ‘ 1, calcw 1exp
N Y1,exp

where N = number of data points.

Table 4 Prediction performances for alkane (1) + alkanediol (2) binary systems @

Dev. [%]?

Solute (1) + Solvent (2) Temp. [C] N oMW UNIFAC
Hexane + 1,2-Ethanediol 40~80 3 13.8 80.2
Octane + 1,2-Ethanediol 59~119 4 3.6 46.3
Decane + 1,2-Ethanediol 86~158 5 148 754
Hexane + 1,3-Propanediol 39~79 3 12.6 14.9
Octane + 1,3-Propanediol 39~119 5 45 58.5
Decane + 1,3-Propanediol 39~138 6 115 65.4

Avg. 10.0 58.9

3 Infinite activity coefficient data have been cited from Murotomi et al. 2.

N
Y Dev [%] = %Z

Vicalc = V1. I
M where N = number of data points.

3

P exp

Table5 Prediction performances for alkanol (1) + alkane (2) binary systems @
Dev. [%]”

p=4

Solute (1) + Solvent (2) Temp. [C]

GC-MW UNIFAC

Ethanol + Tetradecane 20~80 7 55 12.8
Propanol + Tetradecane 20~80 4 221 104
2-Propanol + Tetradecane 20~80 4 95 17.3
Butanol + Tetradecane 20~80 4 5.7 114
2-Butanol + Tetradecane 20~80 4 74 5.9
Ethanol + Hexadecane 20~80 7 29 9.7
Propanol + Hexadecane 20~80 7 138 8.8
2-Propanol + Hexadecane 20~80 7 29 1.2
Butanol + Hexadecane 20~80 7 132 219
2-Butanol + Hexadecane 20~80 7 42 135

Avg. 8.2 125
3 Infinite activity coefficient data have been cited from Fukuchi et al. %2,

N
Y Dev[%)] = % >

o
‘L”'Z%W where N = number of data points.
M,exp



52 (92)

10% & 00K E VS, UNIFAC & Hep L BIFTH 5
Z bbb,
3.4 FIA/—ILD+TILH (2

EBIT, TAH =)+ TV QFDy*T —
2 B E RO AEIE L, Table2 (2”3, Zh
O OFEIEZ W Ty R L, Z0DiRAE% Table 5
(™ d, £ 7. Figure 2 (2% O— % K79 %, GC-MW
FHERRAZED 10% LN TIRIZRAF i R A 5 2 T D,
F72 UNIFAC LV B TRIFTH S,

4. % S

AWFZETHE T HIEIE Wilson 2(GC-MW) NZ L 5 4
IRATIIE BRI OHER 2R - & 2 A, IRIET e 7ok
ROBFHIL, UNIFAC*Y L 0 BAF/efiRa 5252 &
DRSNT, TNVAQ) WEAT V) —2) §5
WX T VT 2 A= (2) VEIBER Dy S B HER
TEED, ZOBET VI W)+ T vH ) —RBIW
TNH )+ TINH DA —NR)EIRETEE DT D
MERSD ST, FT2T A )= ()+T B QD
y 1 HIRTRITHEEL CE T2, T A ) — U A X )
—b (A RDVNEY) EEDD L HERFAZENK
EL DD, ZZTITRGN RTINS, 2D X
N BTV A RDINEIRT IV ) — VBT IV ) —
NEEZINZ % L HEFRREN K E S RDHEICH D = &
IR OREE DOBEIT B 3D b= W, A% L
D GC-MW (T X By DOHER D RIEEMED 13 R S
7o, BRITE BITHORE R ~EAT 5 2 LN EE
N5,

EHEES
g = interaction energy due to attractive force [3-mol?]
HO™ = partial molar excess enthalpy at infinite dilution[J- mol]
R = gas constant [3-molt- K1)
T = absolute temperature [K]
t = temperature [C]
v = liquid molar volume [cm3-molY]
X = mole fraction of liquid phase =]
y1* = liquid-phase activity coefficient at infinite dilution  [-]
o = solubility parameter [(3-cm®)23]
[ = interaction parameter between unlike molecules =]
T = interaction energy between unlike molecules

given by Eq.(3) [-]
Subscripts
b = normal boiling point

calc = calculated value
exp  =experimental value
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1 = solute in solvent
25 = standard temperature (25°C)
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