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An Association Model for Mixtures Containing
Any Number of Alkanes and Any Number of Alcohols:
Application to Alcohol-Alkane Binary Systems'

C. A. Schmidt? and S. W. Campbell>3

A previously derived association model for mixtures of any number of alcohols
and alkanes is applied here to alcohol-alkane binary systems. The model
contains two adjustable parameters: a self-association constant for the alcohol
and a parameter that reflects physical interactions. Correlations for the two
parameters are presented which allow the model to be used as a two-, one-, or
zero-parameter model, depending on the amount of experimental data available.
All three forms of the model provide adequate results for these systems over a
fairly wide temperature range.

KEY WORDS: alcohols; alkanes; association; hydrogen bonding; vapor-
liquid equilibrium.

1. INTRODUCTION

In a previous publication [1], Flory-Huggins theory, regular solution
theory, and chemical equilibria were used to develop an association model
for mixtures containing any number of alkanes and any number of
alcohols. The derivation of the model assumes that the alcohols in the
mixture form linear complexes due to hydrogen bonding. The length and
composition of each complex are determined from chemical equilibria
among the various alcohols present. The alkanes are assumed to be inert
species that do not solvate with the alcohol chains.

A simple model containing few adjustable parameters was deliberately
chosen so as to allow accurate computation of vapor-liquid equilibria from
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limited or nonexistent data. All parameters in the model can be evaluated
from binary data. In the previous work, the model was applied to binary
systems of two alcohols, binary systems of an alcohol with an alkane,
ternary systems of two alcohols and an alkane, and ternary systems of
three alcohols. No attempt was made to develop generalized correlations
for any of the model parameters.

In this paper, correlations for the model parameters for binary
alcohol-alkane systems are presented.

2. THE ASSOCIATION MODEL

The simple association model, in the form of an expression for the
activity coefficient y,, of a species m in a multicomponent mixture of
alcohols and alkanes, is

C .
In,,=1n (— )—r,,,w'— Vo) + 2= 2 T 818, (Bin— By/2) (1)
L

xmcm,l

where x,, is the mole fraction of species m, C,,, is the concentration of
monomers of species m in the mixture, C, | is the concentration of
monomers of species m in pure m, ¥ is the total concentration of all com-
plexes in the mixture, and ¥, is the concentration of all complexes in
pure species m. The quantity f; is the regular solution parameter and r,,
is a size parameter that is defined as the ratio of the saturated liquid molar
volume of species m to that of methanol at 303.15 K. The volume fraction
¢, of species i is then given by

b= @)

1%

For a given set of liquid mole fractions in a mixture of k species, the
activity coefficient of a species m is found by the following steps. First, the
following k equations are solved simultaneously for k values of ¥, :

¢"’
q’ 3 = e
mE A K, wy M2k (3)

The total concentration ¥ is then found from

=) ¥u (4)

m
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The concentration C,, ; of each monomer of species m is obtained from

Tz r’,,
Cm,l = q;’_' (5)

The concentration CJ,, of monomer m in pure m is obtained for each
species by solving

0
Cm.l

/% S—
/ (1 _Kmmc?n,])-

(6)

and ¥, is found for each species m by

CO
Pouem =TT C0 ) 7
pure m (I_K",",C?,,J) ( )

The quantities C, |, C,.1, Ppurem> and ¥ are substituted into Eq. (1) to
obtain the activity coefficient of species m. The quantities K; are referred
to as self-association constants if alcohols i and j are identical and they are
called cross-association constants if alcohols i and j are different. For any
alkane species i, K;; is zero because alkanes do not self-associate and K; is
zero since they do not associate with other alkanes and it is assumed that
they do not solvate with alcohols.

For a binary mixture of an alcohol (A) with an alkane (B), the model
contains two adjustable parameters; the alcohol self-association constant
K,, and the regular solution parameter f,5. For a binary mixture of
alcohol (A) and alcohol (B), it is assumed that the self-association con-
stants K,, and Ky of both alcohols are known from binary alcohol-
alkane data. The model then contains two adjustable parameters; the cross-
association constant K,y and the regular solution parameter f,5. For
mixtures of alkane (A) and alkane (B) the model contains the single
adjustable parameter f,5. No additional adjustable parameters are
required for multicomponent systems.

To develop a predictive model for systems containing any number of
alcohols and any number of alkanes, it is therefore necessary to consider
three types of binary subsets: alkane-alkane, alcohol-alkane, and alcohol-
alcohol. A correlation of the model parameters for alcohol-alkane binary
systems is presented here.

3. ALCOHOL-ALKANE BINARY SYSTEMS

Parameters K,, and ff,5 have been obtained by regression of vapor—
liquid equilibrium data for 45 alcohol-alkane binary systems. Space limita-
tions do not allow a listing of the parameter values and data references but
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they are available in Ref. 2. The data for 45 systems are comprised of 148
isotherms, with a total of 2217 measured pressures and liquid-phase com-
positions and 1120 measured vapor-phase compositions. The alkanes range
from n-butane to n-decane and include isooctane and several isomeric
hexanes.

Regressions were performed using Barker’s method [3], in which the
sum of the squares of the differences between calculated and measured
pressures is minimized. Resulting average deviations in pressure and (if
measured) vapor phase mole fraction are given in Table I under Case L. In
all calculations, vapor-phase nonidealities were modeled with the two-term
pressure-explicit virial equation, and Poynting factors were included.
Second virial coefficients and saturated liquid volumes, when not included
with the data, were estimated using the methods of Tsonopoulos [4] and
Spencer and Adler [5], respectively.

Following Renon and Prausnitz [6], it was next assumed that the
enthalpy of hydrogen bonding was the same for all alcohols. From this, it
follows that

KaalT)

In————~=f(T 8
nKAA(TreI') f( ) ( )

where the function f(T) is the same for all alcohols and where the reference
temperature is 303.15 K. A regression of the self-association constants
obtained in Case I was performed to yield K,,(7T,) for each alcohol and
parameters that appear in the function f(T). It was found that

S(T)= —10.783 ln( T > (9)
Trcl'

provided a good representation of the temperature dependence of the self
association constants. A comparison of this correlation with the values of
K, obtained from Case I is shown in Fig. 1. Values of the self-association
constants at 303.15 K are presented in Table II.

Using this correlation for the self-association constants results in a
model that has a single adjustable parameter f,5. The results presented
in Table I under Case II show how the association model performs as a
one-parameter model. In this case a new value of the parameter f,; was
determined for each system since the association constants obtained from
Eqgs. (8) and (9) are slightly different from their original values.

Next, an attempt was made to relate the parameter f,5 to molecular
structures of the alcohols and alkanes. It was found that 8, depended
strongly on which alcohol was present but was insensitive to the alkane.
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Table IL.  Self-Association Constant K,, at T.c=303.15 K and Effective Carbon Numbers
Cne for C,—C,, Alcohols

Alcohol Kan Cne
Methanol 365.6 1.00
Ethanol 382.7 2.00
Propan-1-ol 2829 3.00
Propan-2-ol 71.7 230
Butan-1-ol 230.8 4.00
Butan-2-o0l 71.0 3.10
2-Methylpropan-1-ol 154.1 3.53
2-Methylpropan-2-ol 18.2 2.26
Pentan-1-o0l 2049 5.00
Pentan-2-ol 86.7 4.06
Pentan-3-ol 58.2 3.88
2-Methylbutan-1-ol 154.2 4.54¢
3-Methylbutan-1-ol 196.8 4.67°
2-Methylbutan-2-ol 24.6 3.237
Hexan-1-ol 234.8 6.00
2,3,3-Trimethylbutan-2-ol 26 2.07¢
Octan-1-o0l 153.8 8.00
Decan-1-ol 1713 10.00
Dodecan-1-ol 216.2 12.00

“ Effective carbon numbers were calculated using the correlation of Ambrose and Sprake [7].

Furthermore, this parameter was found to be insensitive to temperature.
Hence, .5 may be related to some characteristic property of the alcohols.
The effective carbon numbers presented by Ambrose and Sprake [7] were
selected for this purpose and their values for different alcohols are given in
Table II. The parameter S5 for each alcohol {averaged over all isotherms
for which that alcohol was a component) is plotted versus effective carbon
number Cne of the alcohol in Fig. 2. A good representation of this parameter
is provided by

Bag=260.71 + 1364.55¢ ~0-6866Cne (10)

where f,p is in J-mol ~!. With the correlation given by Eq. (10), the model
for alcohol-alkane binary systems requires no parameter estimation and
the results of its application are given in Table I under Case III. For com-
parison, the results of applying another such method, UNIFAC, are also
presented in Table I. The superiority of Case III over UNIFAC is not
unexpected since Case III is based on more information obtained from
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Fig. 2. Relationship between the physical parameter f,g for alcohol-alkane binary systems
and the effective carbon number of the alcohol.

experiment than is UNIFAC (a reference self-association constant for each
pure alcohol as opposed to two parameters which characterize interactions
between CH and OH groups). Furthermore, UNIFAC applies to a wide
variety of different systems beyond alkanes and alcohols. Nevertheless,
the comparison shown in Table indicates the promise for predictive
thermodynamic models in which association through hydrogen bonding is
explicitly accounted for.

4. CONCLUSIONS

A previously derived association model! for systems containing any
number of alcohols and alkanes was applied to binary alcohol-alkane
systems. The number of parameters can be taken to be zero, one, or two,
depending on the amount of information available for parameter estima-
tion. Even the fully predictive form provides adequate results.

The application of the model to binary alcohol-alcohol systems is
currently under examination.
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