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Abstract 

The previously developed approach [16] to predicting excess enthalpies of binary mixtures 
from infinite dilution activity coefficients has been applied to l-alkanol + n-alkane systems. The 
predicted results of excess enthalpies for 49 1-alkanol + n-alkane systems are in good agreement 
with the literature experimental data; the considered systems include a wide range of molecular 
sizes for both 1-alkanol (from methanol) and n-alkane (from pentane to hexadecane). 
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aa 

AE21, AE12 
G E 

H E 

NCn 
N C  A 

(No) 
qi 
ri 

parameter  in MOSCED model 
binary parameters as defined by Eq. (7) 
excess molar Gibbs free energy 
excess molar  enthalpy 
number of skeletal carbon atoms for n-alkane component  
number of skeletal carbon atoms for 1-alkanol component  
Avogadro constant 
molecular surface area parameter  of component  i 
molecular volume parameter  of component  i 
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R 
T 
Vi 

vji 
x i 

Z 

universal gas constant 
absolute temperature 
saturated liquid volume of component i at 20 °C 
volume defined in Eq. (9) 
liquid mole fraction of component i 
lattice coordination number 

Greek letters 

~X 

~F 
Oi 

"C 

"C21 ~ "C12 

¢', 

parameter in MOSCED model 
non-random parameter in the model of Shen et al. 1-18] 
parameter in MOSCED model 
activity coefficient of component i 
infinite dilution activity coefficient of component i 
area fraction of component i 
minimum potential energy 
parameter in MOSCED model 
parameter in MOSCED model 
binary parameters as defined by Eq. (8) 
segment fraction of component i 
modified segment fraction of component i 
parameter in MOSCED model 

1. Introduction 

1-Alkanol+ n-alkane systems are the most important systems in theoretical and 
experimental investigations, and are also often involved in many chemical engineering 
processes. Due to the strong association existing in this kind of system, their ther- 
modynamic behaviour and properties are very complicated. The original local compo- 
sition models (Wilson [1], NRTL [2], UNIQUAC [3]) and group contribution models 
(ASOG [4], UNIFAC [5]) are only suitable for describing vapour-liquid equilibrium 
(VLE) data of this type of system. They cannot be used for simultaneous correlations 
and cross predictions between excess Gibbs free energy (G E) data and excess enthalpy 
(H E ) data of these systems owing to their limited ability to represent large numerical 
values of H E and very asymmetric shapes [6,7]. The accuracy of simultaneously 
r ep resen t ing  G E and H E data for 1-alkanol + n-alkane systems with these models can be 
much improved by increasing adjustable temperature dependent parameters [7 11] 
and by incorporating chemical association models, e.g. the Mecke-Kempter or 
Kretschmer-Wiebe, into these models [12-15]. However, the increase in the adjust- 
able temperature dependent parameters is no more than increasing the ability of these 
models to represent H E data and simultaneously correlate G E and H E data. It does not 
improve the cross predictions between G E and H E data by these models [16]. Incorpo- 
rating a chemical association model into the original physical model will make the 
combined model more complicated. Also, it is difficult to draw a distinct border 
between chemical and physical interactions [17]. 
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Recently, Shen et al. [18, 19] have developed a unified model with only three 
adjustable parameters which is capable of simultaneously representing H E and VLE 
data for many different mixtures. Based on this model, Shen and Nagata [16] have also 
developed a new approach to predicting excess enthalpies from infinite dilution activity 
coefficients (7~). This approach does not have any uncertainty for predicted results due 
to using infinite dilution activity coefficients. It has been successfully used for predicting 
excess enthalpy data of 23 ketone + n-alkane systems. In this work, we will extend this 
approach to the prediction of excess enthalpy data of 49 1-alkanol + n-alkane systems. 

2. Thermodynamic models 

The expressions for the excess molar enthalpy, excess molar Gibbs free energy, 
activity coefficient and infinite dilution activity coefficient of the unified model of Shen 
et al. [18, 19] for a binary system can be written as 

- - x l x 2 1 - - - - -  q (1) 
2 ~ X1 -[- X2"[21 X2 -{- XlZ'12/t 

R-T=XllnC~+x21n~ 1 5 xlqlln +x2q21n~ 

Z 
2c~ (xl in (x 1 + x 2 z 21) + x2 In (x 2 + x lz 12)) (2) 

lnTl=ln  "~x+l ql In + l -  
x I x 1 2 

~ - ln(xx+X2~21)+x2 .xl+xzz21 x2+xlz12 

ln72=ln~b~+l  ~b i Z (ln~b/ q~2) 
x 2 x 2 2q2\  0 2 + 1 - ~  

+~-£~ -ln(x2+xlr12)+Xl x2+x~r~2 xl +x2z2~// 

/r \3/4 Z ( rlq2+lnrlq2"~ ln,'~ = l - ( r t ~ 3 / 4 + l n [ ~ )  -sq  1 -  
k, r2 /  r2ql r 2 q l /  

+ Z [ 1  - In z2a -z12 ] (5) 

In 7~ = 1 -  (r2)a/4+ln(r2)3/4Z--~q2 (1-- rzqx+lnr2ql~ 
\ r l /  \ r l /  rtq2 rlq2,/ 

+ Z [ 1  - l n  z12-z21] (6) 
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where 

A E j l  = (No)(e u --  eji ) (7) 

rJi = v j/exp ( -- ~ A E J R  T)  (8) 
vj 

vii = (vj + vi) /2  (9) 

x jqJ  (10) 
Oj - Ek Xk qk 

x j r j  (11) 
d)j -- EkXkrk 

x j r  3/4 
~b', - Z " .3/4 (12) 

k ~ k t  k 

(No) is the Avogadro constant, and v j, qj and rj are the saturated liquid volume at 
293.15 K, the molecular surface area parameter  and molecular volume parameter  of 
component  j, respectively; they are all taken from the literature [20]; Z is the 
coordination number  and its value is taken as 10 in this work; ~ji denotes the minimum 
potential energy which characterizes the molecular interaction between a central 
moleculej  and a surrounding molecule i. Like the NRTL model, the parameter  ~t is used 
to characterize the tendency of the components to mix a non-random fashion. 

Following the same approach as our previous work [16], we firstly predetermine 
the parameter  ct, then we can easily find the other two parameters (AE21 and 
AEI2 ) by simultaneously solving Eqs. (5) and (6) with 7] ~ and 7~. Finally, H E data 
of the considered system can be definitely predicted by these parameters and Eq. (1). 
For 1-alkanol + n-alkane mixtures, ~ can be estimated by the following simple 
equation 

'4.38 - 0 . 8 ( N C  n - -  5 . 0 )  if N C  A < 6 

= ~4.40 + 0.2(NC A - 6 . 0 ) -  0.05(NC H -  5.0) if NC A > 6 
(13) 

where NC H denotes the number of skeletal carbon atoms for the n-alkane component,  
e.g. for pentane, NC n = 5, for hexadecane NC H = 16, and NC A is the number of skeletal 
carbon atoms for the 1-alkanol component,  e.g. for methanol, NC A = 1, for decanol 
N C  A = 10. 

Also, following the previous work [16], we use the MOSCED model of Thomas and 
Eckert [21] to provide the values of both 7~ and 7~ at a specific temperature for the 
considered mixture. The MOSCED model can be expressed as 

= /)2 ((~'1- 22) 2"t- qEq2(.Cl - g2)2- (0{1,0{2)(fll_ f12!) 
lnT~ R T  01 (1 

+ (ln (v2 /v l )  aa + 1 - (Vz/VO "a) (14) 

where v z is the liquid molar  volume at 20°C; ~,~ is obtained by interchanging the 
subscripts. The MOSCED parameters z, ct, fl, 0 , (  and aa are temperature dependent 
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Fig. 1. Excess enthalpies of butanol(I) + decane(2) at 298.15 K: O, experimental [40]; , predicted. 
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Fig. 2. Excess enthalpies of pentanol(1) + tetradecane(2) at 303.15 K: Q, experimental [30]; , predicted. 
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according to the following equat ions 

-CT = -C2 9 3 (2~9T3)°'4 

/ 2 9 3 \  °.s flT--f1293~-) 

(15) 

(16) 

(17) 

~k = P O L  + O.Ollc tr f l  r (18) 

t = (293/T) 2 (19) 

= 0.68 ( P O L  - 1) + {3.4 - 2.4exp [-0.023(~293fl293) 15]}' (20) 

P O E  = q4[1.15 - 1.15exp(0.020z3)] + 1 (21) 

aa = 0.953 - 0.00968(~2 z + ~2fl2) (22) 

The  paramete rs  v, 2, 3, q, ~,/L ~9, ~ and aa are tabula ted  by T h o m a s  and Ecker t  [21] for 
abou t  145 compounds .  For  other  compounds ,  the paramete rs  can be est imated f rom 
approx ima te  relations valid for some classes of  c o m p o u n d s  [21]. 

t.U -r 
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[] [] 

m /  . ~ ' x \  
.,'S ° ° 

011 '  012 '  0'.3 014 '  015 '  0 ' .6 '  017 0'.8 ' 0/.9 ' 
Xl 

Fig. 3. Temperature dependence of excess enthalpies for ethanol(l) + heptane(2): II, experimental [28]; 
-.-, predicted at 228.15K; &, experimental [28]; , predicted at 258.15K; IS], experimental [28]; 

, predicted at 298.15 K; A, experimental [29]; . . . .  , predicted at 303.15 K; g~., experimental [28]; 
-, predicted at 313.15 K. 
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3. Predicted results and discussions 

122 sets of excess enthalpy data for 49 binary l-alkanol + n-alkane systems have 
been predicted in this work. The predicted results are summarized in Table 1. Typical 
predicted results are shown in Figs. 1-3. 

From Table 1 and Figs. 1-3, it can be seen that the predicted results are very 
satisfactory. The average relative deviation of predicted results for 1985 data points 
is only 7.54%. Like previous work [16] on ketone + n-alkane systems, our predic- 
ted results for 1-alkanol + n-alkane systems are also comparable with the calculated 
results of modified UNIFAC models [10, 11, 15], which usually have six adjustable 
parameters, while our approach is quite simple. Moreover, the 1-alkanol + n-alkane 
mixtures considered in this work include a wide range of molecular sizes for both 
1-alkanol (from methanol to decanol) and n- alkane (from pentane to hexadecane). 
Fig. 3 shows the change of excess enthalpies with temperature for the ethanol + hep- 
tane system. It can be seen that the excess enthalpies for this system are more 
asymmetric in composition than other systems shown in Figs. 1 and 2, especially at low 
temperatures (228.15 and 258.15 K). Also, the mole fraction of ethanol at maximum H E 
value is decreased with the increase in temperature. From 228.15 to 313.15 K, this mole 
fraction is changed from 0.690 to 0.355. However, our predicted results for this 
dramatically asymmetric system are still in good agreement with the experimental data, 
and can describe quite well the change of the mole fraction at maximum H E value with 
temperature. 

The additional predicted results for six systems by experimental infinite dilution 
activity coefficients [50] are summarized in Table 2. From Table 2, it can be seen that 
these predicted results are also very good. Comparing these results with those from the 
MOSCED model for the same set of excess enthalpy data, the average relative deviation of 
the predicted results from the MOSCED model for 309 data points is 8.33%, while that of 
results from experimental 7] ° and 7~ is 8.04%. The latter is only slightly better than the 
former. 

4. Conclusion 

A simple expression of the parameter ct in the model of Shen et al. [18, 19] for 
1-alkanol + n-alkane systems has been provided in this work. Using this expression 
and our previously proposed approach [ 16], 1985 data points of excess enthalpies for 
49 1-alkanol + n-alkane systems have been predicted. The average relative deviation is 
7.54%. 
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