Program to calculate Activity Coefficient ymi, by UNIFAC (UNIQUAC
Functional -group Activity Coefficients) Equation

I ntroduction:-

UNIFAC isasemi-empirical system for the prediction of non-electrolyte activity in
non-ideal mixtures. UNIFAC uses the functional groups present on the mol

make up the liquid mixture to calculate activity coefficients. By using in for
each of the functional groups present on the molecules, aswell as so

Interaction coefficients, the activity of each of the solutions can be calc This
information can be used to obtain information on liquid equilibriax isuseful in
many thermodynamic cal culations, such as chemical reactor dési d distillation

calculations.

in(yy) = In(yf) + n(y

v¢ (Combinatorial C ution)

each molecule, is calculated from.
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in which x; represents e«%ﬁ' raction of component i and the summations are over
all components, includli ponent i. Thetermsi (volume fraction), 6;

(surface area fract l; are defined by
é)z— -1 , @=ct , 6=

XjTjxj XjajXj
Z =lattice coordination number set equal to 10.

Tj@ lar volume, r;, and the molecular surface area, ¢, are calculated as

Y~ (Residual C@utwn)
The combinational part, whichis depend?ep e surface area and volume of

= Dk U;El)Rk and q; = X U;EI)QR

wherev is the number of k groups present in component i. Values of Rand Q for
some sel ected groups and subgroups Table.
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Theresidual part of the activity coefficient describes the intermolecular forces

and is calculated from.
InyR = 2 v InT, ~n 1)

k
whereT}, is the contribution of functional group k to the residual activity coefficient,

and F,fi) is the contribution of group k in the purefluid i at the same temperatuse and
pressure as the mixture. The term F,El) is needed in the main equation to %ge ’

conditionthat y; — 1lasx — 1.
The contribution of functional group k in the mixture:- C}
1+1In (Z emwmk> Z 5

6,,, isthe areafraction of group m, and the summatio@e 0
0;

mlpkm

InTy = Qp

al different
groups. 6., is caculated in amanner similar to that
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where 6, isareafraction of gro

X, isthemole fractl on 'min the mixture.
The group-interaction p. |s given by

by L) =7 (-2

where Uy, IS re of the energy of interaction between groups m and n. The
group interacti ameters a,, must be evaluated from experimental phase
equilibrium data. Note that a,,, has units of Kelvin and a,, # a,n. Parameters a.,, and
am are ob%ﬂ from a database using a wide range of experimental results.

@%butl on of functiona group k in pure component:-
mllnbkm
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where 0,,; IS areafraction of group min component i.
X.m; 1sthe mole fraction of group min component i.

Algorithm of UNIFAC Activity Coefficient:-

Fori=1To N

ri(i) =0:qi(i) =0 Z
Forj=1To M 6

ri(Q) = ri(i) + vk(j, i) * Rk(j)

qi(i) = qi(d) + vk(j, i) * Qk())
Next j x)
L Nexti @
Where Q

N= Number of component

M=Number of groups Q
r SumA = 0:%’ =0
Fori N

Forjx1ToM
Qk(j)
qi(i)
Next j
A = SumA + x(i) * qi(i)

umC = SumcC + x(i) = ri(i)
Next i

Overdl Surfac%éfraction for each subgroup:-

%’ - Fori=1ToM
Q Thk(i) =0
Q} Forj=1ToN

Thk(i) = Thk(i) + x(j) * qi(j) * ek (i, ))

e ="vk(j,i) *

Next j
Thi(i) = Thk(i)
= SumA

Next i



%.

y¢=1-Ji(

Fori=1TM
Forj=1To M

tmk(i,j) = Exp (_ aij (11])>

T
Next j
Next i

@z?

Fori=1ToN
SumB =0

O = &
rl(l)

Ji(i) =

Forj = 1
SumB = SumB + ekfy k(],k)

Nex

Bik(i, mB
Naxt i
Next k

Q)%%\Q =0

Forj=1To M
Sk(i) = Sk(i) + Thk(j) * tmk(j, i)
Next j
Next i

Fori=1To N N B
)+ (/i) 5 = gi(0) » (1 _ i%) +In (ii)))

Next i




Fori=1ToN
SumD =0
Forj=1To N
. Bik(i,)) - Bik(i, j)
SumD = SumD + (Thk(]) * SkG) ek(j, i) * 1n< SkG)

Next j

yR = qi(i) * (1 — SumD) E y
Vi = Exp(y® +v©) @
Next i XC}
The example(1) From:- Q
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13 | 345
|4 | subgroup k Rk Qk vl v2 am,k 1 2 5 33
= X | CH3 1 0.9011  0.848 1 0 1 0 0 986.5  61.13
|6 |  Ethanol 02 . CH2 2 0.6744  0.54 1 0 2 0 0 986.5  61.13
|7 |  Benzene 038 . OH 5 i 1.2 1 0 5 1564 1564 0 89.6
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|11 | fi r
12| | | 291  1.10386|

Example(2)



Option Explicit

Function UNIFAC GAMMA (T As Double, X As Range, Rk As Range, Qk As
Range, Vk As Range, aij As Range)

Dim i, j, k, N, M As Integer

Dim ri() As Double, gi() As Double, ek () As Double, Thk() As
Double, tmk() As Double, Bik () As Double

Dim SUMA As Double, SUMB As Double, Sk() As Double, SUM
Double, Ji() As Double, Li() As Double

Dim GC() As Double, GR() As Double, SUMD As Double, @) As
Double

N = X.Count: M = Rk.Count

ReDim ri(N) As Double, gi(N) As Double, ek (M, A uble, Thk (M)
As Double, tmk(M, M) As Double, GAMMA (1 To N) ble
ReDim Bik (N, M) As Double, Sk(M) As Double,( Ji As Double, Li(N)

As Double, GC(N) As Double, GR(N) As Doubkde

N O
gi(i) = 0

To M

i(i) + Vk(j, i) * Rk(j)Yqi = gi(i) + Vk(j, 1) * Qk(3)

For 1 = T
ri(i)
For j =
ri (i)
Next
Next
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SUMA 0: SUMC =
For i = 1 To N

For 7 =1 To M
ek(j, 1) / qi (
Next 7J

SUMA = SUMA +
SUMC = SUMC

———————————— verall Surface area fraction for each subgroup----

+ X(3) * gi(3) * ek(i, 3J)

Thk (i) = Thk(i) / SUMA
Next i

For i = 1 To M
For j = 1 To M
tmk (i, j) = Exp(-aij(i, 3J) / T)



Next j
Next i

For k = 1 To M
For i = 1 To N
SUMB = 0

For j = 1 To M

SUMB = SUMB + ek (3, 1) * tmk(j, k)
Next j
Bik (i, k) = SUMB

Next 1
Next k

For 1 = 1 To M

Sk(i) = 0 x)
For 3 = 1 To M

Sk(i) = Sk(i) + Thk(j) * tmk(j, i)

Next j

Next i

For i = 1 To N

Ji(i) = ri(i) / SUMC

Li(i) = gi(i) / SUMA

Next 1 v

For i = 1 To N

GC(i) = 1 - Ji( + Appllc i(i)) = 5 * gi(i) * (1 - Ji(i)
/ Li(i) + Appllcatlo / Ll( )))
Next i

For 1 = l To N

SUMD =

For § = l To

SUMD = SUM * Bik( 3) / Sk(j) - ek(j, i) *
)

Application.L j) / Sk ))
Next 3

* (1 - SUMD)
GA T xp(GR( i) + GC(1))
Nt‘Q»

UNIF C_GAMMA = GAMMA
End Function

| wish you all the best



