
To the Editor: 
A recent paper by Price and Danner 

(1987) claims that they developed “a new 
method of predicting adsorption equilib- 
ria which combines the thermodynamic 
and kinetic treatmcnts of liquid adsorp- 
tion.’’ For adsorption from binary liquid 
mixtures, the thermodynamic method 
(Minka and Myers, 1973) is to equate the 
chemical potential in the adsorbed and 
liquid phases for each component: 

where a, is the activity of ith component 
in the liquid phase and a; is its activity in 
the adsorbed phase. 4 is the free energy of 
immersion of the adsorbent in the liquid 
mixture in J/kg and &‘refers to the free 
energy of immersion in the pure ith liq- 
uid. rn, is the saturaton capacity of the ith 
component in mol/kg. 

The kinetic method attributed to Da- 
browski (1983) is an extension of the 
phase-exchange reaction concept devel- 
oped extensively by Everett (1964) to the 
case of molecules of unequal size. The 
“reaction” is: 

rC, (ads.) + C2 (liq.) 

= rC,(liq.) + C2(ads.) (3) 

where C, is the ith component and r is the 
size ratio mI/m2.  The chemical equilib- 
rium constant associated with Eq. 3 is: 

(4) 

Price and Danner (1987) proposed a 
“hybrid approach” that would combine 
these two methods. In fact, they are ex- 
actly equivalent because Eq. 4 may be 
derived from Eqs. 1 and 2 by simple alge- 
bra, without any kinetic arguments. The 
link between the phase equilibrium ex- 
pressed by Eqs. 1 and 2 and the chemical 

equilibrium of Eqs. 3 and 4 is: 

Price and Danner carried out extensive 
calculations to obtain an optimized value 
of K for Eq. 4. They could have obtained 
the value of Kdirectly from Eq. 5 .  In fact, 
they compared their calculations with Eq. 
5 and concluded that the values of K are 
in “excellent agreement.” This is not sur- 
prising. 

Finally, Price and Danner (1987) pro- 
posed to derive values of constants using 
Eq. 4 by optimizing its fit of experiment 
data for surface excess. This approach is 
impractical because there are too many 
unknowns: K, m,, m2 and the activity 
coefficient parameters. The set of experi- 
mental data examined by Price and Dan- 
ner was unusual in that values of m,,  m2, 
47 and & were available from indepen- 
dent vapor-phase adsorption experiments. 
Usually these constants are unknown and 
a brute-force optimization cannot provide 
unique values for a11 of them. 
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Reply: 
As Professor Myers states, 4: and 4; 

are not often available. For such cases, 
Eq. 5 will be difficult to use, and it would 
seem logical to regress a value of Kti from 
available data. As described in our paper, 
Kii is a function of composition except 

when the molecular sizes are identical or 
the bulk and surface phase compositions 
are the same. Hence, it is not obvious that 
the regressed values and those calculated 
by Eq. 5 will be “in excellent agree- 
ment.” 

We did not suggest that the adsorbent 
capacities m, and m2 be regressed along 
with Kij and the activity coefficient pa- 
rameters. Clearly one cannot expect to re- 
gress unique values for so many parame- 
ters. We did find, however, that we could 
regress Klj and the activity coefficient pa- 
rameters and obtain values that were sim- 
ilar to those obtained independently. In 
any case, the simplicity of the calcula- 
tions in comparison to the thermody- 
namic method is an important advantage 
of the hybrid model. 

Peter E. Price, Jr. 
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To the Editor: 
This letter discusses the equivalence 

between two chain rule algorithms in si- 
multaneous-modular flowsheeting (Chen 
and Stadtherr, 1985; Chan and Prince, 
1986). 

Let p and q denote respectively the 
connecting streams and the set of tear 
and design variables. Let the connecting 
streams be given by: 

and the torn stream (and retention vari- 
able) equations by: 

g(P, 4) = 0 (1b) 

Then Eq. l a  can be used to eliminate p, 
giving the torn stream (and retention 
variable) equations explicitly in terms of 
4.  

The derivatives of j j  with respect to q can 
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then be obtained by the chain rule, giv- 
ing: 

Equations 1 to 3 summarize the chain 
rule algorithm of Chen and Stadtherr. 

Since the flowsheet has been torn, the 
matrix af/apT is lower triangular. Con- 
necting stream pl does not depend on any 
connecting stream p k  downstream. Fur- 
thermore, the unit output p, is a function 
of the unit inputs, giving: 

where p, are the connecting streams up- 
stream ofpi. From Eq. 4, it is clear af/apT 
is lower triangular with 1s down the diag- 
onal. Consequently, its inverse can be 
obtained by forward substitution. This 
forward substitution and the matrix mul- 
tiplications in Eq. 3 are performed auto- 
matically from one unit to the next as 
they are executed according to the calcu- 
lation order in the algorithm of Chan and 
Prince. Consequently, chaining in the al- 

gorithm of Chen and Stadtherr is simul- 
taneous while that in the algorithm of 
Chan and Prince is sequential. The corre- 
spondence between the above notation of 
Chen and Stadtherr, and that of Chan 
and Prince is: 

p are the Type 1 outputs (also Type 1 
inputs) 

q are the Type 2 inputs 
f a r e  the equations for the Type 1 

outputs 
0 g are the equations for the Type 2 

outputs, where p, q, f and g were used by 
Chen and Stadtherr 

The matrices ag/dqT are the local de- 
rivatives of Type 2 outputs with respect to 
the Type 2 inputs; dg/apT, the local deriv- 
atives of Type 2 outputs with respect to 
the Type 1 inputs; and af/aqT, the local 
derivatives of Type 1 outputs with respect 
to the Type 2 inputs, where by the term 
“local derivatives,” the inputs and out- 
puts referred to belong to the same unit. 

Finally, the matrix [aj/apT]-’ contains 
the chains of local derivatives required for 
chaining between the units producing the 
Type 2 outputs and those receiving the 
Type 2 inputs. 

An example used by Chan and Prince 
is given below to demonstrate this equiva- 
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lence between the two algorithms. The 
flowsheet in Figure 1 of Chan and Prince 
is reproduced (without the design and re- 
tention variables) in Figure 1 here. For 
simplicity, only the tear variables and cal- 
culated values of the torn streams are 
considered. Therefore, 

= 0, 

= 0. 

The matrices required for chain ruling us- 
ing the algorithm of Chen and Stadtherr 
are: 
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Figure 1. 
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It is a simple matter then to show: 

af - [$I1= abT ag ad 

ad' db' 
-- 

0 - 0 0 0  

- I 0 0 0  

0 l o 0  

-_- 
adTabTacT - 

ae ab . 

ah ad ab 
ad abT aaT 
--- 

at af ab 1 af abT aaT af abT acT 
+--- at af ab +--- 

The results on the r.h.s. are identical to 
those obtained with the algorithm of 
Chan and Prince, as shown in Table 2 of 
that reference. 
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